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ABSTRACT 
The United Nations Commission on Environment and Development, AGENDA 21, The 
Millennium Development Goals, etc. indicate that there is a worldwide concern for sustainable 
development. Construction is an essential human activity in development programmes. It is an 
important component of sustainable development. The decision makers should examine every 
constructon project before it is implemented. Therefore, there is a need for an assessment tool to 
examine the sustainability impacts of construction. The existing assessment methods were found 
to be mostly based on environmental sustainability and thus, there was a need for developing an 
assessment tool, taking into account the social and economic issues also. The data and 
experience of the primary school construction project in a rural district of Andhra Pradesh (India) 
was adopted as a basis of assessment tool development 
The aim of this dissertation was to provide an impact assessment tool for the decision makers to 
select sustainable building construction technologies in the context of social infrastructure 
development in rural India. It also aimed to demonstrate how to calculate the socio-economic and 
environmental impacts through the use of different walling and roofing construction technologies. 
The dissertation's objectives were to examine the efficacy of the primary school construction 
project in Andhra Pradesh as a base for developing an impact assessment tool, to develop a 
process of calculation and determining the actual values of the socio economic and 
environmental impacts of selected building technologies, to demonstrate the selection process of 
the combination of walling and roofing technologies having optimum life cycle socio-economic 
and environmental impacts, to demonstrate the effect of weights on the selection process and to 
enable decision makers to develop databases on new construction and life cycle impacts in other 
contexts and to select sustainable building construction technologies. 
An *Objective" type methodology was adopted in this dissertation. For example, the life cycle data 
was based on schools that were constructed and are ageing under uniform conditions of geo- 
climate, pattern of use, etc. Apart from that the data was on the consumption of materials, 
manpower, equipment, etc. required for different building construction technologies, which were 
all directly measurable at site. Therefore, the process of data collection was like a controlled trial 
and hence, it was mObjective' type. The analysis of the objectives of this dissertation and the 
conclusions were all based on quantified outputs. The criteria for assessing sustainability of the 
building technologies were life cycle cost of construction, employment opportunities created (by 
using labour4ntensive technologies based on local materials), embodied non-renewable, 
renewable and waste energy and emission Of C02 in a particular context. 
The dissertation revealed that the walling and roofing systems based on local materials or with 
low cement and steel consumption had scored highly in Ranga Reddy, Andhra Pradesh. 
Therefore, solid brick wall, rat-trap bonded wall, cement stabilised mud block wall, stone roofing 
and brick corbel arch were suitable in the context of Ranga Reddy. Apart from being suitable 
options in Ranga Reddy, micro concrete tile roof and interlocking cement stabilised mud block 
wall would be suitable in other contexts where the climate is moderate, since their thermal 
insulations are low. One of the main reasons of high scores obtained by the brick intensive 
systems was the use of rice husk based brick production. This dissertation revealed that the 
weights beyond 128 did not have any significant effect on the scores obtained by different 
technologies. 
The most important contribution of this dissertation was the process of developing the life cycle 
data. It demonstrated the process of selecting sustainable building technologies starting from 
creating database to the selection of appropriate walling and roofing technologies. By following 
this process a decision maker will be able to develop databases on new construction and fife 
cycle impacts in other contexts, show the real scale impacts, rank the different options of walls 
and roof and finally select sustainable technologies. The quantitative assessment of different 
construction technologies demonstrated in this dissertation will put an end to ad-hoc decision 
making. This dissertation made substantial contribution in Indian and also in the wider context of 
sustainable development and construction and has addressed the construction related aspects of 
sustainable development as suggested by the the Department For Intemalional Development 
AGENDA 21 and the Millennium Development Goals. 
The impact assessment tool developed in this dissertation has addressed social, economic and 
environmental issues - all three pillars of sustainable development. This assessment tool has 
been adopted in sustainable school construction in South Africa, which indicates that it is 
replicable. 
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CHAPTERI INTRODUCTION 
1.1 BACKGROUND OF THE DISSERTATION 
In 1987 the United Nations Commission on Environment and Development drew attention to the 
fact that economic development often leads to deterioration, not an irnprovement, in the quality of 
people's lives (Brundtland, 1987). The Commission therefore called for a "Form of Sustainable 
Development", which meets the needs of the present without compromising the ability of future 
generations to meet their own needs 
In 1992 the United Nations held a conference on Environment and Development (rhe Earth 
Summit) in Rio de Janeiro. In that conference the nations of the world agreed on an action plan 
for the next century, which recognised that humans depend on the Earth to sustain life and there 
are linkages between human activity and environmental issues. The action plan was termed as 
AGENDA 21, which is a comprehensive plan of action to be taken globally, nationally and locally 
by organizations of the United Nations System and in every domain in which human activities 
have impacts on the environment. 
The Millennium Development Goals (2003) emphasized that the principles of sustainable 
development should be integrated into country policies and programmes and reverse the loss of 
environmental resources. The environment provides goods and services that sustain human 
development; so we must ensure that development sustains the environment According to the 
"Report of the United Nations Conference on Environment and Developmenr (1992 
updated: 1999) the Environmental Impact Assessment, as a national instrument shall be 
undertaken for proposed activities that are likely to have a significant adverse impact on the 
environment. 
Therefore, it appears that there is a worldwide concern for sustainable development. in this 
dissertation, the definition of sustainable development by Plessis (1999) was adopted (discussed 
in Chapter 2). According to him, there is little consensus about a definition for sustainable 
development. However, there are certain commonly accepted principles that can be used to 
guide sustainable development. He grouped them under the three parameters of environmental, 
economic and social sustainability. 
Construction is an essential human activity in development It is an important component of 
sustainable development since one tenth of the global economy is devoted to construction and 
operation of residential and office buildings (Der-Petrossian, 1999). According to Lippiatt (1999) 
buildings account for 40% of the energy and 16% of the water used annually worldwide. Der- 
Petrossian (1999) states that one sixth to one half of the world's major resources (energy being 
the most crucial one) are consumed by construction and construction related industries. The 
construction industry and the built environment are the main consumers of energy and material 
resources (Sjostrom and Bakens, (1999). 
According to Lacasse (1999), the construction industry must examine certain consequences in 
the process of achieving sustainable development since it consumes a considerable amount of 
natural and physical resources and thus has a significant impact on the environment. The 
decision makers should examine every construction project before they are implemented as 
suggested by Davies (1999) and in chapter 4. Therefore, there is a need for an assessment tool 
to assess the impacts of construction. 
It is important to note that in India, the scale of supply of social infrastructure is huge (discussed 
in chapter 3), and therefore, the Government should encourage the use of sustainable 
construction technologies across the country in the field of social infrastructure development. In 
India the term "social infrastructure" is used for primary school, primary healthcare and housing 
facilities (DFID letter ref DPEP/Social Infrastructure, dated 30t" April, 1999). 
At present a large number of primary schools are being constructed (e. g., Sarva Shiksha 
Abhiyan- education for all) in 18 states of India. These projects are being implemented without 
any assessment as suggested by Agenda 21 (the author is an advisor to Sarva Shiksha 
Abhiyan). In a similar manner, primary healthcare and housing are the other areas where the 
sheer scale of construction is staggering as shown in chapter 3 and are being implemented 
without any assessment The impacts of different options of materials and methods of 
construction on socio-economy and environment are different (discussed in Chapter 4). At 
present there is no system by which the national and district level decision makers or people in 
similar positions can assess the impacts of different construction technologies on socio-economy 
and environment. 
It may be reiterated that the detailed discussions carried out in chapter 2 showed that the existing 
assessment methods are mostly based on environmental sustainability. In this context Todd and 
Geissler (1999) suggested that a regionally adaptable system that assesses the Ogreen-ness' of 
buildings while taking into account the social and economic issues begins to address the 
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sustainability of buildings. Hence, the aim of this dissertation is to develop an impact assessment 
tool for the decision makers to enable them to make decisions on sustainable social infrastructure 
by studying the socio-economic and environmental impacts of different options of construction 
technologies. However, in order to develop an assessment tool one should have the experience 
and data relating to social infrastructure construction project. 
The Department for International Development (DFID) funded a primary school construction 
project in Andhra Pradesh, a Southern Indian state in 1995-96. The school buildings were 
constructed using different combinations of construction technologies at twenty nine sites of a 
rural district (Ranga Reddy) in Andhra Pradesh. According to the Census of India (2001), urban 
areas are those places that fall under administrative limits of municipal corporation, municipalities, 
etc., or have a populabon of at least 5,000 and have at least 75% male worldng population 
engaged in non-agricultural income pursuits and have a population density of at least 400 per 
square kilometre. Rural India comprises of all places that are not urban. 
The author of this dissertation, with the help of specialist organisations, implemented the 
demonstration school building project between 1995 and 1996. At the end of 1998, DFID 
appointed specialist organisations to evaluate the performance of the cost effective schools (built 
in 1996). The author of this dissertation carded out further investigation as well as the actual 
repair works based on the evaluation team's suggestions in 2000. 
This process of new construction and repair and upgrading of the primary schools in Ranga 
Reddy district of Andhra Pradesh were documented by the author. Therefore, the experience of 
the project and the data collected were examined to assess if it had the efficacy to be the basis of 
the impact assessment tool, the aim of this dissertation. The tool for impact assessment will help 
a decision maker to select appropriate construction technologies in a particular context of 
sustainable social infrastructure construction programme. 
AIMS AND OBJECTIVES OF THE DISSERTATION 
Aims 
1. To provide an impact assessment tool for the decision makers to select sustainable building 
construction technologies in the context of social infrastructure development in rural India. 
2. To demonstrate how to calculate the socio-economic and environmental impacts in a rural 
context through the use of different walling and roofing construction technologies. 
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013JECTIVES 
1. To describe the Andhra Pradesh Primary Education Project and examine its efficacy as a 
base for developing an impact assessment tool. 
2. To develop a process of calculation and determining the actual values of the socio economic 
and environmental impacts of different cost effective construction technologies in the context 
of Ranga Reddy district. 
3. To demonstrate the selection process of the combination of walling and roofing technologies 
for those which have optimum life cycle cost of construction, high employment opportunities 
(by using labour-intensive technologies based on local materials), low embodied non- 
renewable and renewable energy, high embodied waste energy and low emission Of C02 in a 
particular context. 
4. To demonstrate the effect of varying weights assigned to the socio-economic and 
environmental parameters for the scoring of technologies. 
5. To enable decision makers to develop databases on new construction and life cycle impacts 
in other contexts and to select sustainable technologies. 
SCOPE 
It is important to note that this dissertation was not an attempt to provide an optimised solution on 
construction technologies in a particular location. It was intended to enable us to make informed 
choice. It may be noted that while the quantitative analysis suggested in this dissertation is 
important it will be meaningful only if one has understood the context. Therefore, this dissertation 
had a narrative part which explained the critical aspects of social infrastructure development in 
Andhra Pradesh so that decision makers could relate the quantitative analysis in other contexts. 
The impacts of new construction and life cycle of complete buildings at 16 sites in Ranga Reddy 
district have been analysed in chapter 5 and 6. Based on these two chapters an impact 
assessment tool has been developed, which has considered the walling and roofing systems 
only. It may be noted that different roofing systems require different wall heights. For example, 
while the required wall height for a pyramid roof is 2.1 metres, it is 3 metres for all flat rooft. 
Hence, this dissertation has demonstrated the effect of combined roof and wall, which has been 
illustrated in chapter 5. This chapter has shown that the average cost of construction, labour cost 
and embodied energy of wall and roof combined (without finishes and waterproofing) are 58%, 
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59% and 73% respectively of that of a finished building. Therefore, walls and roofs together 
constitute a significant part of the complete structure. It may be noted that the data on walls and 
roofs in the assessment tool were complete in every respect i. e., including the internal and 
external finishes (shown in chapter 8). This increased the share of unit cost, tabour cost and 
embodied energy, e. g., unit cost becomes 64.3% of the total cost Therefore, the dissertation has 
addressed the impact of the significant part of a finished building. 
Let us now examine the issue of eliminating foundation, doors, windows and floor finishes from 
the scope of this dissertation. It may be noted that in Ranga Reddy district, wall footing with 
coursed rubble stone was the only feasible option for a single storey school building. Similarly all 
the door and windows were made of local timber and all the floors had a stone finish. As a 
contrast, there was a wide variation of walling and roofing technologies. Since this dissertation 
intended to calculate the scores of the different options of technologies on a comparative basis, 
only wall and roof have been considered for impact assessment However, in situations where a 
number of options are available for foundation, door, window and floor finish, the impact of a 
finished building should be considered. 
1.2 METHODOLOGICAL ISSUES 
The data and experience of school construction discussed above should be examined from the 
methodological point of view first and then it must be combined to evolve an impact assessment 
tool. Dooley (1997) states that while science pursues the empirical methods, which are based on 
experience of the world, philosophers disagree about how far we can trust our observations. 
While referring to the debate in this regard Dooley refers to Guba (1990), Hughes (1990), Uttle 
(1991) and Roth (1987). Dooley (1997) states that in social sciences empiricism sometimes goes 
by the name positivism, which rejects speculations. In this regard social sciences share a unity of 
methods with the natural sciences. That is, we can test theories by seeing how well they fit the 
facts that we observe. According to Dooley although no consensus has formed around an 
alternative view, traditional positivism has many critics. 
In the context of methods of analysis in housing issues, Tipple and Willis (1991) state that 
following the physical sciences, social sciences try hard to develop a theoretical and 
methodological perspective to be as "objective" as possible in its analysis and in the approach of 
the investigator; and to quantify the outputs of projects and policies as much as possible. The 
range from intuitive to the highly quantifiable represents both a confinuum and a dichotomy. It is 
often the subject of fierce debate between seemingly opposing factons. 
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According to Tipple and Willis (1991), the issue of subjectivity and objectivity in analysis can be 
thought of in terms of the methods or procedures by which a conclusion has been reached. An 
inquiry is "objective" when the conclusions are based on some formal model which can be 
quantified, or worked through. An objective investigator is one who has not adopted a particular 
technique simply because it will produce the desired conclusions; nor manipulated data; nor 
excluded part of the data because it does not conform to his/her belief. 
Table 1.1 Objectivity and subjectivity in enquiry and analysis. 
Investigator is 
Method of analysis is 
Subjective (i. e. Objective (i. e. not 
prejudiced) prejudiced) 
Subjective (i. e. personal 2 
judgement is used) 
Objective (i. e. no 
personal judgement is 3 4 
used) 
tiource: iippieanavvwiskiyyi-. 4) 
Table 1.1 shows the four possibilities. A subjective analysis is the one in which personal 
judgement has been used or the analyst is prejudiced (cell 1). According to Tipple and Willis 
(1991.4) 'the more lobjective' the analyst4nquirer, and the more 'objective' the method of 
analysis, the better are the results, predidfions, and policy recommendafions likely to be". 
According to them, it is considered desirable to have investigations of the 'cell 4' type in the 
above table. Tipple and Willis (1991) state that viewing evaluation or analysis as a simple 
dichotomy between 'subjectivity' and 'objectivity' is perhaps too simplistic a way of looking at 
evaluation methods and techniques. They refer to a more sophisticated framework to consider 
the whole equation of analytical method, provided by Hammond's (1978) 'cognitive continuum', 
based on the notion that most cognitive analysis involves both intuition and analysis in varying 
degrees. 
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Figure 1-1 Hammond's cognitive continuum shovving different modes of analysis 
Mode I 
Scientific 
Mode 2 experiment 
Garden 
Controlled cities, 
Mode 3 trial housing 
Discounted allowances 
Quasi cash flow 
Mode 4 experiment Contingent 
System Cost benefit, evaluation 
aided regression 
Mode 5 judgement analysis 
Peer aided Comparative 
Mode 6 judgement I analysis 
Decision on 
Intuitive construclion 
judgement in India. 
Intuition -d 1 0 Analysis 
Source: Based on Tipple and Wilis(1991: 6) 
The most intuitive mode, mode 6, occurs whenever an individual is operating with minimum 
support from colleagues or reference to impersonal aids. While taving decisions on which 
construction technology to recommend for school construction in Distdct Primary Education 
Project (India), the executive engineer in the district administration decides this based on her/his 
own experience, which is an example of intuitive judgement. The most well structured approach is 
the mode 1, i. e., scientific experiments. Let us now examine this dissertation with respect to 
Tipple and Willis (1991) and Hammond's (11978) cognitive continuum (shown in Figure 1 -1). 
1.3 METHODOLOGY ADOPTED IN THIS DISSERTATION 
Tipple and Willis (1991) state that the scope for quasi-experiments, and especially controlled 
trials and scientific experiments are much more limited in social science than in the physical 
(physics and chemistry) and biological sciences. It is more difficult in the social sciences to after 
one variable to observe its impacts. However, it may be noted that the DFID funded pilot project 
on cost effective school construction in Andhra Pradesh may be put under the category of 
controlled trials. The author of this dissertation was the overall supervisor of the project Such 
examples are very rare. As discussed in chapter 5 and 6, school buildings were constructed at 29 
sites (within 40 kilometres diameter) under the Andhra Pradesh Primary Education Project. It was 
a pilot project designed to test the cost effectiveness, income generating capacity and the extent 
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of environmental damage owing to the use of different options of construction technologies. 
These buildings were constructed at the same point of time, under the same degree of 
supervision; they have the same end use (i. e., primary school) and are being used by one ethnic 
group. They are ageing under uniform conditions like in a laboratory. Therefore, it is like a 
controlled trial shown in Figure 1 -1 and hence, the project created room for 6objective" type data 
collection (i. e., cell 4). 
Based on Tipple and Willis (1991), "Objective-type" methodology has been adopted in this 
dissertation. Figure 1-2 shows the entire process of the dissertation. Quantitative analysis has 
been adopted to achieve the ffve oNectives of this dissertation (Box-2, Figure 1-2). For example, 
to achieve the objective-1, the experience of Andhra Pradesh school construction project has 
been examined (Box3, Figure 1-2) in terms of quantities of impacts which revealed that the 
project experience had the efficacy to act as the basis of development of an impact assessment 
tool (chapter 5 and 6). The impact assessment tool (Box-4 in Figure 1-2) had inputs from Box-5 
(Figure 1-2) that were mObjective' type and the outputs were in terms of quantities. Based on that 
the conclusions regarding sustainable construction technologies have been drawn. The 
demonstration of real scale impacts of new and life cycle construction along with scoring of these 
technologies in a context were all based on quantitative analysis. 
A; this Point it is important to discuss the detail of the methods adopted in "Data Collection and 
Analysis", *Method of Evaluation' and Weightings', the core of this dissertation. The methods 
adopted in these have been explained in the following three sections - 
1. The data collection process based on Andhra Pradesh School Construction project. The 
method of data analysis has been based on the Microsoft Excel worksheets to examine the 
efficacy of the project as the basis of impact assessment tool (explained in section 1.3.1). 
2. Based on the above, the actual quantities of the impacts of different construction 
technologies have been calculated in chapter 8 and 9. The assessment tool has been 
developed in Microsoft Excel worksheets that calculate the new and life cycle impacts of 
selected building technologies in a particular context. The technologies' scores also have 
been calculated on an index scale. (explained in section 1.32). 
3. In absence of any acceptable method of weighting, this dissertation has demonstrated the 
effect of weighting instead of suggesting a definite set of weights. A discussion on weighting 
has been carded out in section 1.3.3. 
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1.3.1 DATA COLLECTION AND ANALYSIS 
As observed by Tipple and Willis (1991), one of the important issues in any method of analysis is 
the quality of data. Ashworth (1993) observes that there is a lack of data for life cycle cost 
forecasting. It may be noted that the DFID funded Andhra Pradesh Primary Education Project 
offered a good opportunity for data collection on new construction and maintenance requirements 
of eleven roofing and six walling systems (including the conventional options). 
The issue of quality of such data can now be examined, which depends upon the way data 
collection system has been designed and also the people involved in the process. One can 
reduce the subjectivity of the data collectors by developing a suitable system. In the Andhra 
Pradesh Primary Education Project, the main focus was to generate analysis of rates per unit 
plan or elevation areas of the alternative items such as the rat trap bonded wall and precast 
ferrocement channel roofing. The analysis of rates provided the consumption of materials, labour, 
equipment, etc., which was used to calculate the environmental impacts. Alternative here means 
those technologies which are other than the conventional cement and steel intensive construction 
systems. The e)dsting Government schedule had the latter option only. 
The process of data collection in Andhra Pradesh Primary Education Project was intended to 
generate nobjectivew data which refers to 'cell 4' as shown in Table I. I. Since the data was on the 
consumption of materials, manpower, equipment required for the altemative construction 
systems, they were all directly measurable at site. For example, if 'Y cubic meter of masonry 
work in rat trap bonded brick wall has been done in one day, the amount of cement, sand, brick, 
scaffolding, water, etc., consumed could be recorded. Thus the process of data collection hardly 
left any room for subjectivity of the inquirer. However, there were a few conflicting forces in the 
process of data collection that needed attention. In the school construction project, the contractor 
had a tendency to increase his bills. The site supervisors' sincerity had to be monitored. The 
specialist agencies' representatives had a tendency to show low figures to prove that the 
technology promoted by them was low cost. The author had envisaged such situation in advance 
because of his prior experience elsewhere and had to collect data on his own by directly 
measuring and recording at site. It was an uphill task to come to agreements with each other as 
there were frequent arguments among the inquirers involved in the process of data collection. 
The database generated under the Andhra Pradesh Primary Education Project was the result of 
this process, which was in the end approved by the State Government Although there were 
many people involved in data collection, the author of the dissertation, the then consultant to 
DFID, had developed and designed the forrns and process of data collection shown in Figure 1-3 
and Figure 1-4. 
10 
Figure 1-3: The process adopted for new construction in the Andhra Pradesh Primary Education 
Project (DFID Funded). This is to be read in conjunction with Figure 1-4. 
Desktop research to identify institutions and individuals promoting cost effective 
construction technologies in India. 
(D 
Field visits to identify the cost effective construction technologies based on 
cost durability, income generation, energy consumption and maintenance 
requirements - promoted by institutes and individuals. 
0 CD 
-listing of agencies and feasible cost Analysis of the field visit data and short 
MA effective construction technologies in the context of Ranga Reddy district 
'a 
A 
0 
0 
§ 
Aý5 Resource mapping in Ranga Reddy district to identify the villages where the 
< short-listed cost effective construction technologies were adopted. 
Development and approval of the architectural and structural designs and 
estimations (based on the short-listed technologies) from the Panchayati 
Raj Engineering Department Government of Andhra Pradesh. 
Engineers' training on the short-listed cost effective construction technologies 
by the specialist agencies - supervised by the author 
M 
Data Implementation of the cost effective school 
collection & construction by short listed specialist organisations at 
approval 29 sites adopting 11 roofing, 6 walling, 1 foundation W0 E0UM (refer BOX-11, system and minimum finishes. 0-0 4 -- Z00 Figure 1-4) 1 1=Z= ;6 CO 0 
CL T < 
C? 
C) 
An international WORKSHOP 
organised by DFID to share the Publication of 
experience of cost effective school 01 Vidyalayarn 
construction in Ranga Reddy district. (Bonner, Das, 1996) 
22"d - 24th November 1996 
Output1l: Approved project expenditures at 29 sites in Ranga Reddy (Appendix VII) 
Output 2: Approved analysis of rates of 6 walls and 11 roofs (Appendix III and IV) 
Output 3: The analysis of socio-economic and environmental impacts of finished school 
buildings in Ranga Reddy district (Chapter 5 and Appendix VII) 
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Figure 1-4 The detail of site level data collection and the process of obtaining approval. 
BOX4 
Data presented at the 
international 
workshop organised 
ý) 
by DFID in Figure 1-3 
REPORTING TO GOVERNMENT OF 
ANDHRA PRADESH AND DFID 
LEVEL- 3 
Approval 
Superintending engineer's level 
Final approval of the analysis of rates and 
estimates of the aftemative construction 
technologies at superintending engineers 
review meeting (monthly). 
LEVEL-2 
Review and 
provisional 
approval 
LEVEL-1 
The site team 
who collected 
data on a 
daily basis + 
scrutiny/ 
check 
Executive Engineees level 
Fortnightly Review meeting at 
DFID Project executive engineer's office 
Manager - :! participated by contractor, specialist 
author of this 1> agencies' representatives and 
dissertation assistant engineers +author of this 
dissertation. Output- provisional 
I* approval of the analysis of rates. 
........................................ t ......................................... 
10 assistant engineers closely monitored the 
site progress and conducted meetings with the 
>, CC 0) 
(0 ýp W (a : contractor, specialist agencies' representatives, -0 C: -E 0 
ýg 0 . 10'a 
site supervisors and the author to review the 
2. E data. All the controversies on costs were 
resolved at this stage. 
0E 4D W -- OR - 2: a, 
I: 
20 site supervisors under the Government of 
C 0) 0 0E6 '6 
Andhra Pradesh recorded daily progress 
.q C- 
J? 2 
E- - - id 
according to the format shown in Table XV11.1 to 
c , ,L ) (a o : r-I 00 4) 
: Table XMIA of Appendix XVII for 29 sites. 
V 4) (D ' 2 
C: M : 29 sites - Ranga Reddy District, Andhra 00 9) 75 E 0)0- Pradesh, each contractor recorded the daily 
-i, 2 -: F= 5, (D 
:3 
progress report. 
WELOO CW 
6 specialist agencies recorded daily progress 
according to the format shown in Table XMI. 1 to 
Table XVII A of Appendix XVII for 29 sites. 
................................................................................ 
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Figure 1-3 shows the overall process of Andhra Pradesh Primary Education Project. Figure 1-4 
shows the process of obtaining site specific data from the 29 villages in Ranga Reddy district. 
The data collected in this process may be accepted to be close to "cell 4* type. One of the 
important outputs of Andhra Pradesh Primary Education Project was the analysis of 11 roofs and 
6 walls including the conventional technologies, i. e., how much and what types of materials, 
skilled, semýskilled, unskilled workers, equipment such as vibrators, mixers, scaffolding, etc. 
were required per unit area of walls and roofs. The data collected in this process has been used 
in chapter 5,8 and 9 for socio-economic and environmental impact analysis. 
It has been mentioned earlier that the school buildings in Andhra Pradesh are ageing under 
uniform conditions as in a controlled trial. Figure 1-5 shows how the data collection regarding the 
ageing of the buildings was conducted, which generated the database for life cycle impacts of the 
walling and roofing systems. As explained in chapter 6, the buildings did not show any structural 
safety problems during the interventions carried out in 2000. The most commonly occurring 
defect was the waterproofing treatment, which was termed as corrective. The preventive 
maintenance interventions such as cleaning, painting, etc., were also observed. This process 
helped in generating the analysis of rates for corrective and preventive interventions required for 
II roofing and 6 walling systems. The foundations did not have any defect Based on the process 
of data collection shown in Figure 1-5, analysis of rates, i. e., the amount and types of materials, 
equipment and manpower required were obtained (Appendix XVI and VI). Chapter 6 has 
discussed the issue of the frequency of interventions. Therefore, the new construction and Repair 
and Upgrading Programme in Andhra Pradesh have provided data on life cycle implications of 6 
walling and 11 roofing technologies. I-ife cycle data on conventional systems were available with 
the Government engineers in Andhra Pradesh. The following pages show the process of data 
collection on life cycle impacts of the school buildings under the Repair and Upgrading 
programme. 
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Figure 1-5: The life cycle data collection process of 11 roofs and 6 walls under the Andhra 
Pradesh Primary Education Project. This is to be read in conjunction with Figure 1-6. 
a) 
" 
cu 
0 
Cc :3 
(D 
m 
CL (0 
4ý 
(U 
c 6.12 
-C' g= 
.: 21) E u) LL E 0) ID - 
mý «a JO- 
IL 
Repair and Upgrading Programme of the schools at Ranga Reddy by 
DFID in 1998. lTDG (UK) + National Council for Cement and Building 
Materials Ondia) were appointed to carry out investigation on the effect of 
ageing on the schools constructed in 1995-96. 
1 
Field investigation, analyc. nimendation by the evaluation team. 
I 
An international WORKSHOP in November, 1998 was organised by 
DFID for sharing the results with the participants engaged in social 
infrastructure building, policy makers, bureaucrats, etc. 
I 
Appointment of the author as a consultant by DFID to implement the 
repairs recommended by the evaluation team. 
F 
. eý Capacity building of Government engineers and community on repair. 
.e Condition assessment of the schools with the help of 
Government 
engineers and community (for iMplementation work process and site 
record keeping). Defect analysis I and recommendations 
A: ý Preparation of estimates for repair and provisional approval 
-e Implementation at 29 sites 
&r Data collection (refer BOX-2, Figure 1-6) 
1 
Approval of the site specific quantities and OB 
the rates of repair by the Government of 
Andhra Pradesh. 
--T 
Report submitted by the author to the DFID 
New Delhi. 
I 
Outputl: Approved analysis of the preventive and corrective repair 
items for II roofing and 6 walling systems along with the 
frequencies of interventions. 
Output2: The life cycle impacts of the schools at 29 sites. 
C 
.0 x 
C. ) xx 
2: 5: 5 
rL r- C FL 
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C3 IV 
co a) 
Figure 1-6 The process of field level data collection under the Repair and Upgrading Programme, 
Andhra Pradesh Primary Education Project. oý-ýý 
Submitted to the 
Government of Andhra 
Pradesh for approval - 
Input to Figure 1-5 
BOX-2 
Data Collection 
Process. 
'e The author, the assistant engineers and the work assistants were part of the 
School Committees. They used to be 
present in the meetings and assist the 
School Educabon Committees in case of 
confusion. 
The School Committees kept the 
accounts and settled the bills in 
meetings, which were checked by the 
author and the Government engineers. A 
few general body meetings were 
conducted to inform the villagers about 
the progress of the programme. Author 
of this dissertation was present in all the 
meetings. 
Cashbook: Receipt of money in the 
school committee bank account- 
Refer Table XVII. 5 A of Appendix XVII. 
Cashbook: Expenditure- 
Refer Table XVII. 5 B of Appendix XVII. 
Daily progress report -date, 
description of the job, number of 
masons, helpers, volume of work 
done, money paid, etc. - 
Refer Table XVII. 5 C of AJ: )Dendix XVII. 
Data 
Approval 
Process. 
The District Collector's office 
forwarded it to the Government of 
Andhra Pradesh. 
I 
Executive engineer approved the 
rates and forwarded them to the 
District Collector, Ranga Reddy. 
Deputy executive engineers 
checked and forwarded the bills 
to the executive engineer. 
Assistant engineers with the help 
of the author checked and 
forwarded the bills to the deputy 
executive engineer. 
on completion of the Repair and Upgrading, general body meetings 
of the School Committees took place at 29 sites. 
Bills, vouchers and statement of expenditure according to the site book 
format in Table XVII. 5 A, B and C of Appendix XVII were approved by the 
respective School Committees in June 2000. 
The author of this dissertation and the respective assistant engineers, 
Government of Andhra Pradesh were present in all such meetings. 
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Figure 1-5 and Figure 1-6 show the process of life cycle data collection for the construction 
technologies adopted in Andhra Pradesh Primary Education Project. The data on new 
construction and life cycle impacts have been based on a village named Jaggamguda. This data 
has been analysed in three Microsoft Excel files, which are hypedinked. The process of 
calculations in File-2 (new construction) and File-3 (repair) has been shown in Figure 1-7. The 
hyperlinked worksheets "A, 'B", OC', "Dw and OG" shown in Figure 1-7 are in File-I (Figure 1-8). 
The worksheet W in File-I (Figure 1-8), based on the data collected on life cycle and new 
construction, carries out calculations on embodied energy and C02 emission of basic materials 
such as cement, aggregate, brick, etc. The worksheet "B' in File-1 calculates the nine socio- 
economic and environmental impacts of the same basic materials. This worksheet also calculates 
the conventional construction items such as excavation, floor finishing, white washing, etc., based 
on the Government approved analysis of rates. The worksheet "C' and "D" (both in File-1) 
calculate the nine socio-economic and environmental impacts of the cost effective roofing and 
walling systems. The File-2 (in Figure 1-7), with inputs from worksheets "B", "C' and "D", 
calculates the socio-economic and environmental impacts of 16 sites in Ranga Reddy district. Out 
of 29 sites, 16 have been considered in File-2 since the remaining were repetition of the 
conventional steel and cement intensive systems. The analysis of Andhra Pradesh school 
construction experience in Chapter 5 is based on this calculation. 
Chapter 5 has shown that the Andhra Pradesh experiment has provided a deep insight into the 
impacts of different construction technologies adopted in primary school construction on the 
socio-economy and environment. This chapter also demonstrated that the architectural design 
and site conditions regulated the socio-economic and environmental impacts significantly. 
The File-3 in Figure 1-7 calculates site specific impacts of the Repair and Upgrading Programme 
of the Andhra Pradesh Primary Education Project carded out in 1999-2000. Based on the 
calculations in File-3, chapter 6 carded out a detailed site-specific analysis of the life cycle 
impacts on the socio-economy and environment in Ranga Reddy district. 
The site-specific data of 2000 in chapter 6 has been transformed into 1995-96 rates. The site 
specific energy data has been adopted from worksheet W of File-I (Figure 1-7). The analysis of 
new and life cycle impacts of different construction technologies shown in chapter 5 and 6 is the 
backbone of this dissertation. 
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1.3.2 METHOD OF ANALYSIS 
It may be reiterated that the aim of this dissertation is to provide an impact assessment tool and 
also to demonstrate how to calculate the impacts of different walling and roofing systems. One of 
the important aspects of the assessment tool is the parameters involved in impact assessment 
Following Plessis's (1999) suggestion (in chapter 2), society, economy and environment, the 
three pillars of sustainability, have been accepted as the basis of impact assessment. Chapter 7, 
based on chapter 2,5 and 6; has identified nine socio-economic and environmental parameters 
that were used for assessing the impacts of construction technologies based on the data 
collected by the process described above. Having identified the parameters, the next step was to 
develop a method to assess the impacts of different construction technologies. 
In this dissertation, impact assessment on socio-economy and environment has been carded out 
in three stages, viz., 1) demonstrating the quantitative impacts of new construction of different 
combinations of walling and roofing technologies adopted in the school buildings of Ranga Reddy 
district, Andhra Pradesh, 2) impact assessment of the same for the whole life cycle, 3) calculating 
the scores of the different combinations of walls and rooft for both new construction and life cycle 
of buildings. 
The assessment tool is for the decision makers and hence, the impact per square metre of plan 
area will not give them a realistic idea since the scale of infrastructure supply in India is huge. As 
explained in chapter 10, the stage I of assessment has shown the nine socio economic and 
environmental impacts of 1,068 classrooms (new construction) owing to the use of 66 
combinations of walls and roofs. Stage 11 of the assessment has shown the life cycle socio- 
economic and environmental impacts of 1,068 classrooms built by adopting the same 66 
combinations. The Microsoft Excel sheets 'E" and "F' (corresponding to stage I and ID shown in 
Figure 1-8 have been used in the impact assessment. 
The stage III needed a method of scoring. There is a wide range of methods available for 
evaluation and ranking described in chapter 2 and chapter 7. It may be noted that, out of the nine 
socio-economic and environmental parameters, the units of the first five are in rupees, the sixth to 
eighth are in Mega Joules and the ninth in tons. This dissertation has adopted the index method 
of scoring (explained in chapter 7) to homogenise the different units of the parameters. Chapter 7 
explained that a group of technological options adopted in the school buildings of Ranga Reddy 
district were to be evaluated against the nine socio-economic and environmental criteria. The 
different combinations of walling and roofing technologies have been assumed as the students in 
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a class and the nine socio-economic and environmental criteria as the examination papers. The 
index method of analysis in chapter 12 explained the entire process. Final scores of the 66 
combinations based on index method have been calculated in worksheet "Gw (Figure 1-8). 
The whole process of real scale impact assessment of new construction and life cycle has been 
shown in Figure 1-8. The File-1 is a Microsoft Excel worksheet It contains worksheets W, 513", 
"C', 'D", "E", 'F' and "G'. As mentioned before, the worksheet *A" calculates the embodied 
energy and C02 emission owing to the procurement of raw materials, transportation of raw 
materials to the production yard, production and transportation of the finished product to the site. 
Similarly the worksheet "13% hyperlinked with W, calculates the nine socio-economic and 
environmental impacts of all the conventional items (other than wall and roof) such as excavation, 
floor finish, plastering, white washing, etc. The worksheet"C' and "D', both hyperlinked with *13" 
and OGm, calculate the nine socio-economic and environmental impacts of 11 roofing systems and 
6 walling systems (new and life cycle). The rate of inflation and discount rates are obtained from 
"G". 
The worksheets *C" and "D' on roofing and walling systems (Figure 1-8) are the two major inputs 
to the worksheets "E' and *F" where the new and life cycle impacts of 66 combinations of 1,068 
classrooms have been calculated. Worksheet "G" acquires data from "E* and "F" and calculates 
the indexes of the 66 combinations for new construction and life cycle. 
If one wants to use these worksheets in another context, one has to update the lead charts 
shown in screen dumps (Figure 1-9 ) of 'A-Energy & C02., "B-Lead charf and inflation and 
discount rate in OG-Socio-env LC score'. In case of addition of a new technology or alteration of 
an existing wall or roof, only the analysis of rates in "C-Roof" and "D-Wall" have to be modified. 
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1.3.3 WEIGHTINGS 
Weights should be associated with each parameter in an evaluation method. However, there are 
several critiques about the limitations of the weighting methods. According to Todd (2001), 
weighting systems are fraught with difficulty since they cannot be accomplished with complete, or 
in some cases, any, scientific objectivity. Finnveden (1999: 34) critically reviewed the available 
and operational methods of weighting in life cycle assessment and concluded that "none can at 
thisstage be recommended for use today". However, one cannot completely avoid this issue and 
hence, chapter 2 has carried out a discussion on weighting in the context of this dissertation. 
According to Nijkamp and Spronk (1981), in reality, decision-makers are seldom interested in 'the' 
optimal solution provided by one or another decision method. Normally they are more interested 
to know what happens if some of the initial data changes. The decision-makers want to know 
Whether (and under which circumstances) optimal and pareto-optimal (efficient) solutions change. 
Therefore, this dissertation has demonstrated the effect of weighting instead of suggesting a 
definite set of weights. A detailed analysis of weighting has been carded out in chapter 12. 
1.4 LIMITATIONS 
This dissertation did not suggest final weightings of the nine parameters adopted in the impact 
assessment; it has demonstrated the effect of varong the weights on a geometrical series. 
The dissertation was based on the Tenth Five Year Plan, which has emphasised on the 
employment generation in view of the poverty in India. Based on that, out of the feasible 
construction technologies in a context, the option that had generated the highest employment 
was given the highest score. This assumption should be reviewed in the subsequent Five Year 
Plans, when the circumstances may change leading to a need of modifying the criteria for labour 
intensity. 
This dissertation was based on cost of materials, labour, equipment, etc. in 1995-96 in Andhra 
Pradesh. Since the entire process of calculation has been developed on Microsoft Excel, the 
Values can be modified easily. It may be noted that one should follow the process described in 
chapter 8 and 9 to develop site-specific data in any context to carry out the impact assessment 
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While calculating the embodied energy and emission Of C02 it Was found that some of the data 
such as paints, bitumen and waterproofing compound were not available in the Indian context. 
These have been adopted from the embodied energy of materials in New Zealand (Alcom, 1998), 
since data on steel, cement etc. of the same source are similar to that of India. 
1.5 STRUCTURE OF THE DISSERTATION 
Chapter-1 is on the background of this dissertation. It has explained the aims, objectives and 
methodology adopted in this research. Chapter 2 is about literature survey. It has derived the 
domain of sustainable construction with reference to the researchers' and International 
institutions' views on sustainability. This chapter has also identified the need of an impact 
assessment tool and set the premise of this dissertation. 
Chapter 3 has carded out an appro)dmate estimate of funding required for supplying the basic 
minimum services in India in order to understand the scale of infrastructure needs. While this 
dissertation has been based the experience of primary school construction, chapter 3 has 
included housing and primary healthcare also in calculating the required funding. it may be noted 
that the construction technologies adopted in Andhra Pradesh Primary Education Project were 
based on the best practices in housing sector. The Secretary to the Ministry of Health and Family 
Welfare, Government of Orissa, participated in the primary school construction workshop 
convened at Hyderabad in 1996 and was influenced by the cost saving aspects. She initiated a 
similar programme on cost effective primary health centre construction in her state. Therefore, 
while this dissertation has been based on the experience of primary school construction, the 
assessment tool and the database on construction technologies could be used in housing and 
primary healthcare sector as well. Therefore, healthcare and housing have been included along 
with primary education while calculating the infrastructure shortage in India under the basic 
minimum services. 
The domain of sustainable social infrastructure development has been established in chapter 4 
based on chapter 2. However, that alone will not be able to ensure sustainability at activity level. 
Therefore, by using the data of Orissa healthcare building project, chapter 4 has demonstrated 
the impacts of construction technologies at grass root level within the domain of sustainable 
social infrastructure development. This chapter has emphasised on the need for data to carry out 
impact assessment. Chapter 4 has shown the domain of life cycle impacts of a building from 
planning, implementation, use and replacement stage and has explained the sustainable way to 
achieve it. 
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Chapter 5 has provided a detailed account of the Andhra Pradesh Primary Education Project 
This chapter has carded out data analysis showing the impacts of different construction 
technologies on unit cost, labour intensity, money retained within the district, embodied no- 
renewable, renewable and waste energies. Chapter5 also showed how the plan-forms, site 
conditions, etc., affected the impacts. The technological options identified in Ranga Reddy district 
gave an opportunity to the planners, architects, engineers and the Government to adopt 
sustainable systems in a context. 
The primary school buildings (Andhra Pradesh) constructed in 1996 were examined in 1998 and 
rectifications were carded out in 2000. Chapter 6 has provided a detailed data analysis of the 
repair works that formed the basis for life cycle analysis of different roofing and walling systems. 
This chapter also discussed the justification for assuming the frequency of repair of different 
technological components of the schools. Chapter 5 and 6 have established that the experience 
and data of the Andhra Pradesh school construction have been a valid basis for developing an 
impact assessment tool. 
Chapter 7, based on the issues discussed in chapter 2 to chapter 6, has developed a model for 
impact assessment. This chapter has included a new component in environmental parameters - 
C02 emission, which was not considered in Andhra Pradesh Primary Education Project owing to 
a lack of awareness on international agendas. Chapter 7 has identified the nine socio-economic 
and environmental parameters used in the model. Assuming the nine parameters as examination 
Papers and considering different combinations of walling and roofing technologies as the students 
in a class, the model has calculated the scores by adopting index method. 
Chapter 8 and chapter 9 have described the process of data collection and calculated the actual 
values for new construction of different roofing and walling systems in the Ranga Reddy district 
Andhra Pradesh. These chapters have been kept in the main document of the dissertation (and 
not in the appendices) since the process of database development has been considered to be as 
important as the assessment tool. 
Chapter 10 has demonstrated the impacts of different combinations of roofing and walling 
systems by assuming that 100 million rupees (E 125 million) has been invested on school 
construction in a district as in the case of the District Primary Education Programme. The Andhra 
Pradesh database has been used for impact assessment. The assessment results for new 
construction have been analysed and presented in suitable formats to provide an overall picture 
of the impacts. 
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Chapter 11 has analysed the defects that occurred in different technologies adopted in Andhra 
Pradesh owing to ageing. It has explained the basis of determining the frequencies of 
maintenance4nterventions. This chapter also provided data on recurring maintenance, which has 
been used for life cycle impact of construction technologies on socio-economic and 
environmental aspects. As in chapter 10, this chapter has also adopted the example of District 
Primary Education Programme and showed the life cycle impacts at district level assuming 50 
years as the building life. 
The main purpose of chapter 10 and chapter 11 was to give an idea to the decision makers on 
the scale of impacts. Both the chapters revealed that while the quantifies of the impacts under 
the nine parameters were necessary to have a realistic idea on the extent of impacts of the 
different technologies; they were not adequate for selecting the appropdate options. Therefore, 
chapter 12 has used the model developed in chapter 7 to find out the scores obtained by all 
combinations of roofing and walling systems used in Andhra Pradesh Pdmary Education Project 
Chapter 12 has shown the effect of different weights on the final scores. This chapter has 
concluded by identifying the sustainable walling and roofing options in the context of Andhra 
Pradesh. 
Chapter 13 began with a discussion on how the aims and objectives of the dissertation have been 
achieved. This was followed by reviewing of the assumptions and limitation. This chapter has 
then discussed the key findings and conclusions in the context of Ranga Reddy district Then it 
has described this research in the context of others'works in the field. This has been followed by 
the discussion on the major contribution of this dissertation in Indian and wider context of 
sustainable development and construction. Chapter 13 has discussed the recommendations on 
the implementation of this research in the field of sustainable social infrastructure development in 
India. Finally the chapter has discussed the opportunities for future research envisaged by this 
dissertation. The post script has stated that the model developed in this dissertation has been 
used outside India (South Africa) successfully. 
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CHAPTER 2 LITERATURE SURVEY 
2.1 THE ANDHRA PRADESH PRIMARY EDUCATION PROJECT 
AND ITS INFLUENCE 
As mentioned in chapter 1, the author was appointed by DFID (India) to help the Government of 
Andhra Pradesh to construct cost effective schools within the State. The author conducted a 
research on what was available in India as cost effective technologies. While probing into what 
the state of art was in India, it was found that the Central Building Research Institute, Structural 
Engineering Research Centre, National Building Organisation, Building Materials and Technology 
Promotion Council, Housing and Urban Development Corporation and Non-Governmental 
Organisations such as Development Aftematives, Centre Of Science and Technology For Rural 
Development, etc., were claiming to supply affordable, cost effective, buildings. For example, the 
building centre at Quilon, Kerala, claimed that they were saving 30% cost (MOST, no date) over 
the conventional steel and cement-intensive systems. Based on that investigation demonstration 
school buildings were constructed at 29 sites using various walling, roofing and foundation 
technologies. The data of this project has been accurately documented and published as a 
handbook (Bonner and Das, 1996) called Vidyalayarn to facilitate cost effective primary school 
construction in other programmes. 
When Andhra Pradesh Primary Education Project was over (1996), a programme called District 
Primary Education Programme was initiated, which attempted to universalise elementary 
education in India. This was a Government of India funded programme in its 18 states with the 
financial assistance from many countries and loan from World Bank. This programme was 
influenced by Andhra Pradesh Primary Education Project experience, which is evident from a 
letter from the Ministry of Human Resource Development (D. O. No. 16-2/97. District Primary 
Education Programme dated 4th August 1997). The letter to DFID acknowledged that Vidyalayarn 
is a "very usefur publication and requested them to supply more books for their annual 
conference in Trivandrum - 01 would be grateful ff you could give us another 200 copies for 
distribution in the workshop where engineers from state and district levels and consulting 
architects from District Primaty Education Programme states would be attending". Apart from the 
primary education sector, Vidyalayarn was adopted in housing as well. Project Leader of Uttar 
Pradesh Academy of Administration requested DFID (ref 16/CDS/tJDCI(4)-90-1 /o/()l /97,23 rd July 
1997) asking for permission to use selected portion of Vidyalayarn as study materials for their 
training programme on cost effective housing. The letter said - 'The conl6nts of the hancbook are 
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very useful. We want ib use some selected porfions ftm the handbook k7 our bwinhg 
programmes as resource materials lbackground materiar. 
Realising that Vidyalayam was being widely used in many programmes, DFID Education Sector 
Group in India felt that it was necessary to evaluate the performance of the Andhra Pradesh 
Primary Education Project schools. The main point was to confirm whether the buildings were 
performing well over time and to check if there was any major problem with them which could be 
brought to the notice of the programmes based on Vidyalayam experience and database. DFID 
India appointed the National Council for Cement and Building Materials (NCCBM), a leading 
research institute in Delhi, and two specialists from Intermediate Technology Development Group 
(UK) to carry out the evaluation of the Andhra Pradesh Primary Education Project schools in 
November 1998. The evaluation report (basin news, 1999) revealed that the Andhra Pradesh 
Cost Effective Construction Technologies process demonstrated a wide range of design and 
technology options, which can effectively reduce the cost of delivering classroom space. The 
basin report on the evaluation also stated that 'it has also been instrumental in generating 
increased interest for the subject in the plannk7g process of other education programmes across 
India by disseminating widely both the information generated by the project and support 
resources" (basin news, 1999: 17). 
It may be noted that one of the most important programmes among the 'other education 
programmes" mentioned in the evaluation report was District Primary Education Programme, 
which was implemented in 271 dishicts over 18 states, by spending approximately 27 billion 
rupees (E 0.34 billion) on school infrastructure construction. The national evaluation of the 
construction component of District Primary Education Programme (Das et al, 2004) revealed that 
one of the major achievements of the programme was community based cost effective school 
construction. This programme is followed by Sarva Shiksha Abhiyan (Education for all) with the 
same objective of universalisation of primary education. Under this programme, 33% of total 
investment has been allocated for physical infrastructure construction. Based on past experience 
of cost effective construction in India, Sarva Shiksha Abhiyan has made community centred, cost 
effective and environment friendly school construction mandatory (GOI, 2005). The programme 
envisages that this community centred process will also improve building maintenance compared 
to the contractor-built schools. 
Apart from these, the Orissa Health Project was also a direct influence of Andhra Pradesh 
Primary Education Project (Das, 1999). The Secretary to the Ministry of Health and Family 
Welfare, Orissa, visited the Andhra Pradesh schools in 1996 to explore if some of the 
technologies could be adopted in primary healthcare buildings in her state. The secretary then 
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sent a request to DFID to provide technical assistance for constructing cost effective primary 
healthcare building construction in Orissa, which was completed in two years (1997-1999). 
It appears that Andhra Pradesh Primary Education Project had considerable influences on the 
other programmes owing to its achievements such as cost effectiveness, wide range of 
technological and design options (basin news, 1999). More importantly, the database in 
Vidyalayam has been widely used in District Primary Education Programme and UNDP cyclone 
reconstruction programme (Das, 2001), etc., over the last eight years. As mentioned in chapter 1, 
this dissertation aims to develop an impact assessment tool for sustainable social infrastructure in 
India based on the Andhra Pradesh Primary Education Project experience. Hence, it is important 
to understand what sustainability means and what the domain of sustainable social infrastructure 
development is. 
One of the most important issues is to understand the concept of sustainability. It has been 
noticed that in books, conferences, etc., people in general, do not clearly define what 
sustainability really means and what could be the way to ft. In a recent International Conference 
on Sustainable Habitat Synergies in New Delhi, Pidcock (2005) presented a paper on the current 
state of Sustainable approaches in Australia. However, she did not co-relate that in the Indian 
context. In the same conference, Lang (2005) stated that India has considerable experience in 
dealing with sustainable urban and architectural designing without explaining how he came to 
such conclusion. In the end Jon concluded by saying "we simply need to get going' which does 
not convey much. 
The Ind Intemational basin Conference in India (16th -I 8th March 2004) was focused on 
Sustainable Habitat and Livelihoods for the Poor "strategic imperatives and practical solutions'. If 
one reads page 25 of the proceedings (basin, 2004), which states the mStrategic Imperativesm and 
"Practical Measuree, one would find that there is a lack of a concrete plan of action based on a 
defined OSustainable goal" and the sub components that would help in achieving ft. Therefore, the 
following section carries out a literature survey on sustainability 
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2.2 SUSTAINABILITY 
It has been noticed that the words "sustainable" and "sustainability" are used frequently and the 
emphasis of research on these is remarkably high, e. g., the "Google search", showed that there 
are 6.69 million articles, information, net address, etc., on this topic (30t" March 2005,2: 36 PM 
IST). The Government documents in India use this term quite often, e. g., the chapter I of the 
Tenth Five Year Plan (2002-2007) on "Overview" uses these two words six times in eleven 
pages. However, compared to the frequency of its use, the definition of sustainability is rarely 
candidly present or adequately described. For example, the chapter I of Tenth Plan does not 
explain as to what is meant by this word and how to go about achieving it. According to 
Dahl (1995), sustainable development has become the catchword of our decade, used and mis- 
used in many contexts. In the current development works, the discussions on sustainability thrive 
on unquestioned acceptance of this term, which could be explained with reference to Sarva 
Shiksha Abhiyan (Education for all), India's attempt to achieve the goal-2 of the Millennium 
Development Goals. The "Manual for Planning and Appraisal" (GOI, 2005) is meant for 
appraising the different States' proposal on Elementary Education by functional specialists. 
However, it does not clarify anything about sustainability in its introduction except mentioning only 
once 'Sustainable Financing' (GOI, 2005: 5). Although the document covers all the required 
components of sustainable development, the beneficiaries and the appraisers remain unaware of 
the overall mission because of lack of a clear definition and methodology to check whether the 
programme is Progressing towards the sustainable primary education infrastructure. The Sarva 
Shiksha Abhiyan is a participatory and a completely 'Bottom -ur approach (GOI, 2005: 2) 
involving the stakeholders of elementary education at every level, where the term sustainability is 
uttered frequently in every meeting. As a result it has different meanings to different people. 
According to Dahl (1995), sustainability has been notoriously difficult to define, not to mention to 
translate into other languages. If we are going to produce effective indicators of sustainable 
development, we must agree on what we are trying to indicate. However, before that we need to 
understand what sustainability means. We shall first examine the definitions of sustainability put 
forward by Brundfland (1987) and many other researchers in this field. This will be followed by a 
review of the vadous international level recommendations on sustainable development, such as, 
Agenda 21, Millennium Development Goals and DFID's Sustainable Livelihood Approach. All 
these views will then be the premise for sustainable development in India in the field of social 
infrastructure development. 
In 1987 the United Nations Commission on Environment and Development drew attention to the 
fact that economic development often leads to deterioration, not an improvement in the quality of 
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people's lives (Brundband, 1987). The Commission therefore called for a "Form of Sustainable 
Development7, which meets the needs of the present without compromising the ability of future 
generabons to meet their own needs. According to Brundtland (1987), development is not just 
about greater profits and higher standards of living for a minority. It should be about making life 
befter for everyone and this should not involve destroying or recklessly using up our natural 
resources, nor should it involve polluting the environment. Brundtland's definition is supported by 
Lacasse (1999). According to him, sustainable development means the use of natural and 
physical resources that enables people and communities to provide for their immediate social, 
economic and cultural well being without compromising the ability of future generabons to meet 
their needs. 
There are criticisms of Brundtland's definition of sustainability, e. g., Drummond and Marsden 
(11999) criticize it by saying that this definition says very little about what sustainable development 
actually is or how it might be achieved. Bartlett (1998: 7) criticizes Brundtland by saying that 
"Unfortunately, the definifion (Brundiland, 1987) gives no hint regarding Me courses of action that 
could be followed to meet the needs of the present, but which would not limit the ability of 
generations, throughout the distant future, to meet their own needs, even though it is obvious that 
nOrl-renewable resources consumed now will not be available for consumption by future 
generations.. According to Bartlett (1998) starving people do not care about sustainability. If 
sustainability is to be achieved, the necessary leadership and resources must be supplied by 
people who are not starving. 
Bartlett mentions about the three laws of human ecology given by Hardin (1993) and considers 
them to be fundamental, and need to be known and recognized by all who would speak of 
sustainability. The first two are - "We can never do merely one thing", "There's no away to throw 
to". The third says that the impact of any group or nation on the environment depends on the size 
of the population, the per-capita affluence, and the damage done by the technologies that are 
used in supplying the consumption. Hardin attributed this law to Ehdich and Holdren (1971). 
According to Fricker (2001), Veiderman (1995) has been the closest to an appropriate definition 
of sustainability, who stated that sustainability is a vision of the future that provides us with a road 
map and helps us focus our attention on a set of values and ethical and moral principles that 
should guide our actions. According to Viederman, there are three principles underlying the 
discourse on sustainability, viz., the humility principle, which recognises the limitations of human 
knowledge, the precautionary principle, which advocates caution when in doubt and the 
reversibility principle, which requires us not to make any irreversible changes. All three appear 
equally important. However, the last point is more oriented towards a definite action plan than the 
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other two and will help decision makers to stress on this issue while accepting any proposal for 
sustainable development. 
Instead of adopting a formal definition of sustainability, Raynsford (1999: 1) defines it as "it is 
about ensuring a better quality of life for everyone, now and for generations to come" He sets out 
the vision for sustainable development built on four objectives of the UK Government's approach 
to sustainable development. The first point is to ensure that everyone lives in a clean and safe 
environment by initiating a social progress, which recognises the needs of everyone and reduces 
the harm to health caused by poverty, poor housing, unemployment and pollution. The second 
point is the protection of the environment both from the global threats and at local level, e. g., 
protect the things that people value such as wildlife, landscape and historic buildings. The third 
point is ensuring prudent and efficient use of natural resources and that renewables are 
developed, wherever possible, as altematives to materials and fuels in limited supply. The fourth 
point is continuing to secure high and stable levels of employment together with continuing 
economic growth, so that every one can share in higher living standards and job opportunities. It 
will be seen later in this section that all these are responses to the Agenda 21, Millennium 
Development Goals, etc. 
Plessis (1999) stated that, while there is little consensus about a definition for sustainable 
development, there are certain commonly accepted principles that can nonetheless be used to 
guide sustainable development. He grouped them under the three pillars of environmental, 
economic and social sustainability. A fourth overarching principle is that the sustainable 
development is a continuous process of dynamic balance. Similar to Plessis, Cole (1999) also 
states that the three dimensions of sustainability are environmental, social and economic. 
According to him it embraces all facets of human activities, e. g., industry, transportation, food 
production, etc. It is important to note that Cole (1999) admits that sustainability spans local 
actions through to redressing the major inequities that e)dst between developed and developing 
nations. He concludes that given the political and economic interdependencies wherein the 
actions of one nation profoundly affect others, the notion of 'sustainability' is perhaps only 
meaningful when applied at a global scale. As described above, Raynsford's (1999) opinion in 
this regard is in slight variation when he says that one of the important considerations in 
sustainable development is the protection of the environment both from global threats and at local 
level. It may be noted that impact at global scale can not be assessed if local levels impacts are 
not known. 
Dahl (1995) observes that our society functions in a natural environment uses resources, 
discharges wastes and emits harmful gases into the atmosphere. Therefore, one very important 
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component of sustainability is the intimately interrelated and dependent human society with the 
natural systems. Having said that, Dahl opines that sustainable development implies a central 
focus on people. According to him, while this may seem anthropocentric, in the present context of 
the international debate on development and equity, any other approach could be considered 
morally indefensible. It is important to note that making sustainable development anthropocentric 
will indeed help in improving the environment by prudent use of natural resources with the 
growing awareness of the people and the community, which has been recommended by the 
Millennium Development Goals explained in the later part of this section. 
Dahl cautions that there is a danger of using indicators to make value judgements about the 
content of development Similarly, Plessis (1999) also states that sustainable development was 
also seen to imply certain qualitative issues about human aspirations, emotional well-being and 
social relationships. Dahl suggests that one way to express the concept of sustainability without 
failing into value judgements about development will be to produce 'vector" indicators which 
basically show the direction of movement towards or away from a goal, and the speed of that 
movement. Such indicators will allow each country to define for itself how it imagines its ideal 
future sustainable society and then to report, for each indicator, whether it is making progress 
tOwa rds its own goal, and at what rate. 
Human needs and aspirations change over time and affect the environment. In the recent past 
this has been rapid, particularly in India and China owing to their population increase. Plessis 
refers to Pearce (1996) and states that for the first time, it has been realized that sustainable 
development could be seen as 'a process instead of a fixed destination', Dahl (1995) states that 
for a dynamic process like the sustainable development, it is normal to have a moving target. This 
is a Very important issue and the Government of India with its every five year plan should ideally 
review its targets and evaluate a new one depending upon the success and failure of the last 
period. 
Fricker (2001) warns that with the current attitude of human nature, we may push the global 
physical and biological capacities to their very limits. It is important for us to think of sustainability 
in terms of justice, interdependence, sufficiency, choice and above all the meaning of life. 
Professor Teopfer Klaus, executive director United Nations, makes it emphatic in the panel 
discussion of a World Bank organized workshop in Delhi (TerraGreen, 2004). On the issue of 
poverty he opined that as long as the richest 20% of the world population continue to account for 
86% of total personal consumption expenditure, it is unlikely that the poor will meet their 
aspirations of sustainable development. 
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An important issue has been raised by Fricker (2001) regarding monitoring our actions towards 
sustainability. The question is how do we know that we are heading towards the goal of 
sustainability? Fricker (2001) states that we have a better understanding of what is unsustainable 
rather than what is sustainable. Unsustainability is commonly seen as environmental (in its broad 
sense) degradation resulting from the increasing human population, affluence and technology. 
Since these impacts on the environment are all our own creations, their control is, in theory, 
within our capabilities. Uke Fricker, Dahl (1995) also said that most of the present indicators of 
sustainability measure negative factors or pressures preventing sustainability. For example, we 
talk about environmental degradation owing to C02 emission. Dahl (1995) comes up with a 
concrete suggestion and says that since sustainability is itself difficult to define and the indicators 
measure negative factors preventing sustainability, vector measures will allow the countries to 
report, for instance, the progress they are making in reducing damaging activities, even if they 
have not yet defined clear goals for sustainability. 
In 1992 the United Nations held a conference on Environment and Development (rhe Earth 
Summit) in Rio de Janeiro where the nations of the world agreed on an action plan for the next 
century, AGENDA 21, which recognises that humans depend on the Earth to sustain life and 
there are linkages between human activity and environmental issues. Agenda 21 is a 
comprehensive plan of action to be taken globally, nabonally and locally by organizations of the 
United Nations System, Governments, and major groups in every area, in which, human activities 
have impacts on the environment. According to the Agenda 21, all States and all people shall 
cooperate in the essential task of eradicating poverty as an indispensable requirement for 
sustainable development The conference recommended that people should be involved in 
planning developments for their own communities if such developments are to be sustainable 
(Seafield Research & Development Services, no date). People are entitled to a healthy and 
productive life in harmony with nature. 
According to the "Report of the United Nations Conference on Environment and Development7 
(1992 updated: 1999) the Environmental Impact Assessment, as a national instrument, shall be 
undertaken for proposed activities that are likely to have a significant adverse impact on the 
environment. Environmental issues are best handled with the participation of all concemed 
citizens, at the relevant level. States shall facilitate and encourage public awareness and 
participation by making information widely available. 
According to Perrings (1994), the central assumption of Agenda 21 is that sustainable 
development is divisible and hence, sustainability of the component parts could be devised in 
different sectors, resource categories and levels of society. Perrings (1994) says that 
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"sustainable livelihood" and "environmentally sound technology" are the subcategories of the 
general concepts "sustainable development" and 'environmental soundness" According to him, 
this requires not only the sustainable development of all communities within a society, but also 
the sustainable livelihood of individuals Within those communifies and the environmental 
soundness of each process. However, it will be unrealistic to try to achieve sustainability in each 
and every micro level component individually. What one has to keep in mind is the importance of 
maintaining the resilience of ecological and economic systems at appropriate levels, e. g., thinking 
of the behaviour at community level rather than of individuals within the community. Similarly, if 
one thinks of the ecological systems rather than the component organisms of those systems, one 
comes closer to an operational concept He highlights the importance of incentives, the level of 
activity and distribution of income for the achievement and maintenance of that resilience. 
According to Chen and Chambers (1999), China plays an important role in maintaining world 
sustainability. By reviewing China's response to Agenda 21, they concluded that the current stage 
of economic development in China provides an opportunity to incorporate environmental 
provisions into the national development strategies from a relatively early stage. However, at 
Present China's Agenda 21 remains only a visionary concept, which lacks a comprehensive 
Policy framework and realistic implementation measurements. 
India's response to Agenda 21 is in the social, economic, environmental, institutional sectors. 
According to the Government of India (GOI, 1999), almost all the Ministries are involved in 
achieving the Agenda 21 objectives. However, as mentioned earlier, the documents of the 
Programmes, such as, Sarva Shiksha Abhiyan with an infrastructure construction component do 
not show any evidence of the kind of approaches suggested by Dahl (1995), Plessis (1999), 
Perrings (1994), etc. There is an urgent need for the beneficiaries and the Government officials to 
adopt a common sustainable goal so that they can evaluate and monitor their progress. 
In September 2000, 
-the member states of 
the United Nations unanimously adopted the 
Millennium Development Goals. These Goals commit the international community to an 
expanded vision of development, one that vigorously promotes human development as the key to 
sustaining social and economic progress in all countries, and recognizes the importance of 
creating a global partnership for development. The goals have been commonly accepted as a 
framework for measuring development progress. Many of the targets of the Millennium 
Development Goals were first set out by international conferences and summits held in the 
1990s. The eight goals are - 
0 eradicate extreme poverty and hunger (Goal 1), 
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achieve universal primary education (Goal 2), 
promote gender equality and empower women (Goal 3), 
reduce child mortality (Goal 4), 
improve matemal health (Goal 5), 
" combat HIV/AIDS, malaria, and other diseases (Goal 6), 
" ensure environmental sustainability (Goal 7), 
" develop a global partnership for development (Goal 8). 
This dissertation will show how the financial pressure on the infrastructure component of goal 2 
could be reduced by using cost effective construction technologies. This will result in creation of 
more leaming space than the conventional cement and steel intensive systems can provide. The 
dissertation will also show that supplying the infrastructure component of the goal-2 could be 
viewed as an opportunity for addressing the goal-1, by adopting labour intensive systems. 
However, while attempting to reduce cost and increase employment opportunities, the materials 
and methods should not be a threat to the environment, which falls under goal-7. 
One of the goals has been reducing the proportion of people living on less than US $1 a day to 
half the 1990 level by 2015-from 283% of all people in low and middle income economies to 
14.2%. Per capita consumption of $1 a day represents a minimum standard of living, yet more 
than a billion people live on less than that. In middle4ncome economies, a poverty line of $2 is 
closer to the practical minimum. In 2000 an estimated 2.7 billion people were living on less than 
$2 a day - more than half the population in the developing world (rhe Millennium Development 
Goals, 2003). 
The Millennium Development Goals emphasized that the principles of sustainable development 
should be integrated into country policies and programmes and reverse the loss of environmental 
resources. The environment provides goods and services that sustain human development so we 
must ensure that development sustains the environment Better natural resource management 
will increase the income and nutrition of the common people. The target time for achieving the 
Millennium Development Goals is by 2015. 
The Millennium Development Goals state that there has been extensive use of fossil fuels in 
recent decades that have increased carbon dioxide emissions -a major contributor to global 
warming. Out of estimated 6 to 7 billion tons of carbon dioxide released each year by human 
activities, some 2 billion tons are absorbed by oceans, and another 1.5 to 2.5 billion by plants, 
with the rest released in the atmosphere. The level of carbon dioxide in the atmosphere is up by 
some 30% since the beginning of the industrial revolution. According to the Inter-Governmental 
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Panel on Climate Change (IPCC, 2001), the rate and duration of warming in the 20'h century are 
unprecedented in the past thousand years - the global average surface temperature has 
increased by about 0.6 degrees Celsius. The warming is expected to continue, with increases 
projected to be in the range of 1.4 to 5.8 degrees Celsius between 1990 and 2100. 
Sen (2004) shows in his presentation that the Tenth Five Year Plan has responded to all the eight 
goals of Millennium Development Goals by taking actions under each and every target. Deolalikar 
(2004), reports that a number of interventions including economic growth, improved infrastructure 
has been undertaken as Indian response to the Millennium Development Goals. However, 
according to Deolalikar, currently there is no system for monitoring progress toward attainment of 
goals at the sub-national level. 
The UK Government's White Paper on International Development (DFID, 1997) committed their 
Department For International Development to supporting policies and actions which promote 
sustainable livelihoods, better education, health and opportunities for poor people; protection and 
better management of the natural and physical environment This will help to create a supportive 
social, physical and institutional environment for poverty elimination. Department For International 
Development's aim is to eliminate poverty in poorer countries. Specifically, they have signed up to 
the International Development Target of reducing by one-half the proportion of people living in 
extreme poverty by 2015. 
In the above paragraph the term 'sustainable livelihoods' needs clarification. According to OAn 
Approach to Sustainable Livelihoods' (DFID, 1999a) the Development agencies traditionally have 
relied heavily on measurement of economic factors (income and productive assets such as land 
and cattle) to assess poverty. These programmes thus focused primarily on increasing income 
and assets. However, the well-being of poor households is influenced by interactions among 
economic, social, natural resource and political factors. This knowledge led several agencies to 
adopt a Sustainable Livelihoods Approach to improve their poverty reduction programmes. 
Sustainability has many dimensions, all of which are important to the sustainable livelihoods 
approach. The word 'livelihood' can be used in many different ways. The broad notion of 
livelihoods understood by the Department For International Development (DFID, 1999a) is based 
on the definition by Chambers and Conway (1992). According to that a livelihood comprises of 
capabilities, assets (including both material and social resources) and activities. A livelihood is 
sustainable when it can cope with and recover from stresses and shocks and maintain or 
enhance its capabilities and assets both now and in the future, while not undermining the natural 
resource base. Livelihoods are sustainable when they are resilient in the face of external shocks 
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and stresses; not dependent upon external support (or if they are, this support itself should be 
economically and institutionally sustainable). It should maintain the long-term productivity of 
natural resources; and not undermine the livelihoods of, or compromise the livelihood options 
open to, others. 
Economic sustainability is achieved when a given level of expenditure can be maintained over 
time. In the context of the livelihoods of the poor, economic sustainability is achieved if a baseline 
level of economic welfare can be achieved, which is likely to be situation-specific. However, it can 
be thought of in terms of the 'dollar-a-day' (US $) of the Millennium Development Goals. Apart 
from that, environmental sustainability is achieved when the productivity of life-supporting natural 
resources is conserved or enhanced for use by future generations. According to DFID's 
Sustainable Uvelihood Approach, people should be at the centre of development 
The above discussion on sustainability encompasses all human activities consuming natural 
resources and affecting land, water and air. As mentioned in chapter 1, one of the aims of this 
dissertation is to provide an assessment tool for the decision makers in the context of sustainable 
social infrastructure development such as primary school construction. Construction is a major 
human activity. Therefore, above discussion on sustainability is also the context of sustainable 
construction. It is important to note that construction industry has a major role to play (Raynsford, 
1999). According to Raynsford there is increasing evidence that the industry not only recognises 
that but is preparing to play its role. However, Lacasse (1999) does not seem to be happy about 
the construction industries' current trend. He stated that the industry must examine certain 
consequences in the process of achieving sustainable development since a consumes a 
considerable amount of natural and physical resources and thus has a significant impact on the 
environment. He states that current trend of building design, engineering methods, manufacturing 
technologies and construction techniques need to be altered to accommodate requirements for 
sustainable construction. In this context, Harmaajarvi (2000) suggests that an ecologically 
sustainable area can be described as an area that requires the supply of as little energy and raw 
materials as possible (especially non-renewable materials) and that produces the minimum 
harmful emission and wastes from all the buildings and operating processes on a life cycle basis. 
A sustainable area should also offer people a good living environment and be economically 
affordable. 
Ofori (1998) refers to Tisdell (1985) and states that sustainability in resource use is critical in 
developing countries. More of their people rely on natural resources at the basic level. He states 
that according to Gupta (1993) 40 million people in rural India rely on the forests for their 
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livelihood, which puts the issue of the use of timber in constructon and b relationship with 
deforestation into perspecfive. 
This section on the researchers' views on sustainability and the international guidelines in this 
regard tends to suggest that the three pillars of sustainable development are social, economic 
and environmental. However, identifying the three pillars of sustainability alone will not lead to 
sustainable social infrastructure development in India. We have to understand what are we 
supposed to do under these headings. As a starting point, it may be reasonable to adopt 
Perrings' (1994) suggestion on sustainability. According to him, the central assumption of 
Agenda 21 is that sustainable development is divisible and sustainability of the component parts 
could be devised in different sectors of the society. This may be derived from Table 2.1 showing 
various issues raised by different researchers and institutes in the domain of sustainability. The 
issues have been put under the headings - social, economic and environmental. It may be noted 
that Plessis (1999) refers to Barbier (1987) and states that it is generally accepted that 
sustainable development attempts to ma)dmize goal achievement across the three systems, viz., 
the biological/ecological resource system, the economic system and the social system. 
The author of this dissertation has surnmarised the observations put forward by the researchers 
and the institutions (discussed so far) in Table 2.1. The suggestions on sustainable development 
by the different researchers and the institutions have been tabulated row-wise in Table 2.1. Each 
of such suggestions has been categorized under three columns 'Social", "Economic" and 
*Environmental". The last row (shaded) in Table 2.1 is the author's interpretation based on the 
Patterns in the columns 'Social", "Economic' and "Environmental'. 
Affordable shelter, healthcare and primary education facilities in the shaded row under column 
"Social" may be possible by reducing unit cost of construction. Making the development 
Programmes anthropocentric will render justice and equity for the people and might reduce cost 
of construction, since the communities know their local contexts. The shaded row under the 
column "Economic" in Table 2.1 can be addressed by adopting labour-intensive and local 
materials-based construction technologies to create direct livelihood and by creating income 
multiplier effect. The shaded row under the column "Environmental" can be addressed by keeping 
in mind that while selecting technologies that are low cost and livelihood generating, the impact 
on the environment is the least. Construction results in depletion of non-renewable and 
renewable energies and C02 emission. 
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Table 2.1 Summary of different researchers'and the International Institutes' suggestions on the 
possible domain of sustainable social infrastructure development 
The three pillars of sustainability 
Sources Social Economic Environmental 
Brundtland Making life better for Reduce consumption of 
(1987) everyone natural resources and 
pollution 
Bartlett (1998) Starving people do not care 
about sustainability 
Raynsford It is about ensuring a Reduce poverty, Prudent use of natural 
(1999) better quality of life for unemployment and resources, emphasise use 
everyone- eliminate continuing economic growth of renewables & reduce 
poor housing, pollution. 
Fricker(2001) Sustainability in terms Human population, 
of justice, affluence and technology 
interdependence, stresses on ecological and 
sufficiency, choice & global limits. 
meaning of life. 
Dahl (1995) Development 
honouring equity and 
with people in the 
centre 
AGENDA21 The human being is Eradicating poverty as an States to facilitate and 
entitled to a healthy indispensable requirement encourage public 
and productive life for sustainable development. awareness and participation 
in environmental issues 
Perrings Sustainable livelihood of Assessing the 
(1994) individuals environmental soundness of 
each process. 
Lacasse Construction industry has a 
(1998) significant impact on the 
environment 
Millennium Reduce number of people Reduce carbon dioxide 
Development eaming less than $1 a day emissions -a major 
Goals (last from 28.3% (1990) to 14.2% contributor to global 
updated 2003) (2015) warming. 
DFID's - People at the centre Reduce proportion of people Better management of the 
Sustainable of development living on less than $1 a day natural and physical 
Livelihood 
- Better education 
from 28.3% (1990) to 14.2% environment Livelihood not 
Approach , health and 
(2015) undermining the natural 
(DFID, 1999a) 
opportunities for poor resource 
base. 
I people. I II 
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Table 2.1 Continued 
The three pillars of sustainability 
Sources Social Economic Environmental 
Cole (1999) Environment is very 
important in sustainability 
Harmaajarvi Create good living Minimum energy and raw 
(2000) environment and be materials (especially non 
affordable renewable) 
economically. produce minimum harmful 
emission and wastes 
The following issues in construction sector have been summarised by the author after studying 
the pattern in column "Social", "Economic" and "Environmental" 
Issues in the Community centred View construction as an Reduce embodied non 
construction development employment opportunity. renewable and renewable 
sector. Providing affordable Use labour intensive 
energy 
shelter, primary systems increase use of waste 
healthcare and Reduce C02 emission 
education facilities 
In order to have an in-depth understanding of the issues of sustainable construction shown in the 
shaded row of Table 2.1, it is necessary to carryout a detailed investigation on cost reduction, 
construction as an opportunity for employment opportunities and a threat to environment. It is 
also important to carry out a detailed study on life cycle analysis of the socio-economic and 
environmental impacts of construction. 
2.3 ISSUES RELATED TO SUSTAINABLE CONSTRUCTION 
2.3.1 Cost Reduction in Construction 
MATERIALS 
In the domain of sustainable construction in India, reduction in unit cost of construction (rupees 
per square metre) appears to be a very important component. In the context of housing, Tiwari et 
al (1996) stated that the problem in India is of scarcity of basic resources such as land, building 
materials, skilled labour, etc. Given the existing cost structure, there is no prospect for the 
overwhelming majority of people, of being able to have houses satisfying their most basic 
requirements. However, the database of "Vidyalayam" (Bonner and Das, 1996) tends to suggest 
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that there is some hope in this regard. Therefore, the issues in the last row of column "Social" in 
Table 2.1 can be addressed by exploring possibilities of cost reduction without compromising 
durability. 
According to the UNCHS (1991) report, the developing countries are facing severe problems with 
regard to the supply of building materials. In most of the developing countries, building materials 
industries have not only failed to cope with the rising demand but the gap between the demand 
for building materials and the domestic capacity for production has widened further in recent 
years. This view is supported by recent studies in India as well. According to research conducted 
by the Building Materials Technology Promotion Council and Centre for Symbiosis of Technology, 
Environment and Management (BMTPC and STEM, 2000), there is a need for 173 million tons of 
cement and 600 billion bricks in India for the period 2001-2006. Based on the limited information 
available on the Indian brick industry, Maithel and Uma (2000) reported that more than 100,000 
kilns produce about 80 tol 00 billion bricks per year. To increase the brick production from 100 
billion (in 2000) to 600 billion in 2006 appears to be impossible. There is a need for altematives 
to burnt clay bricks. 
According to Deb (1994), research and development efforts in India during the last decades have 
focused on bricks, cement, steel and clay only. Deb states that cement based building products 
will probably continue to dominate the building industry for years to come. However, optimising or 
minimising its use in building can be achieved. It is important to note that Deb's article was 
published in 1994 and the DFID funded Andhra Pradesh Primary Education Project on cost 
effective construction technologies was initiated in 1994 and completed in 1996. The project has 
demonstrated that alternative building materials can save cost compared to the conventional solid 
brick wall. Andhra Pradesh Primary Education Project was virtually the kind of experiment which 
Deb has indicated. 
In the context of shortages of building materials, UNCHS (1991) observed that there has been a 
growing recognition in developing countries that the small-scale sector holds the key to increased 
productivity in building materials industry. The inherent flexibility of small scale operations to cope 
with the volatile and shifting demands and their ability to take best advantage of available factors 
of production in developing countries are the main sources of their strength. 
According to the UNCHS (1991) report, most of the developing countries are endowed with 
abundant natural resources, which can meet the demand for basic building materials. For 
example most countries in Africa have extensive deposits of limestone, gypsum and pozzolana 
that are sufficient to meet local demands for binder materials. Yet much of these natural 
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resources currently remain unexploited in most developing countries. The report further states 
that an important factor that has contributed to this situation is the inability of building materials 
industries in developing countries to have access to technologies that could exploit the natural 
resources to increase the supply of building materials required by the construction sector. Recent 
technological innovations on building products and processes, e. g., a variety of roofing tiles of 
different sizes and shapes, L-panel roofing, fibre reinforced cement corrugated sheets, 
ferrocement construction, etc., provide excellent prospects for rejuvenating the small scale and 
informal sector of the industry and thus significantly improving the supply of basic building 
materials at affordable prices for low income groups. 
According to the UNCHS (1991) report, building materials constitute about 70% of the total cost 
of construction in developing counties. For many basic building materials, e. g., bricks, cement 
lime and variety of pozzolanas, energy accounts for a large part of their costs. For some materials 
it may be as high as about 60% of their costs. Energy efficient technologies can therefore 
significantly reduce the cost of production of these materials. With some notable exceptions (e. g. 
China and India) developing countries have, in general, failed to stimulate an indigenous supply 
of technologies that can replace or upgrade traditional technologies in the building-materials 
industry (UNCHS, 1991). 
R2LjE_0F C-0-sj EFFECTIVE TECHNOLOGIES 
Housing and Urban Development Corporation introduced a building centre movement in India 
with 624 building centres spread across the country (HUDCO, 2002). The main objective of 
building centre has been to transfer cost effective technologies from the lab to land (MOST, no 
datej, which will give access to the people to build their shelter. Keswani (1997) appraised the 
building centre movement by the Housing and Urban Development Corporation. He carded out a 
very limited investigation by visiting only three of the building centres in India, viz., Nizamuddin 
Building Centre of Delhi, Nirmithi Kendra in Kerala and Anagpur building centre at Haryana. 
According to Keswani, the building centre at Nizamuddin has been functioning as the research, 
training and developmental centre of the Housing and Urban Development Corporation at the 
national level. The Nirmithi Kendra at Quilon in Kerala, India often supplements the efforts of 
organisations such as Centre Of Science and Technology for Rural bevelopment that trains 
masons, artisans, carpenters, architects and engineers in low cost construction practices. The 
Anangpur building centre cardes out building materials research, develops cost effective 
technologies, provides on-site training for masons, architects, engineers participating in any of its 
projects and prepares documentation of its works for further dissernination. 
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Keswani (1997) opines that although there are reasons to consider the building centre 
programme successful, the progress is rather slow. Several building centres have been 
established all over India, but not all of them have developed enough to achieve all the objectives 
laid out for the building centre. According to Keswani (1997), some people continue to think that 
Government of India must give more subsidies to solve the housing problem. He thinks that this 
would incapacitate the people. Keswani (1997) argues that the Governments role could change 
from being provider to becoming facilitator. 
According to Keswani (1997), the implementing organisations in India that have been more 
successful than others in the field of low cost housing are the Non Governmental Organisations 
and also some private entrepreneurs. Perhaps the role of the Government, in the present times, 
should include designing strategies and formulating policies in close association with these grass- 
root level institutions. Effective response to affordable and adequate housing in India may result 
from better cooperation between Government and non Government institutions. According to 
Keswani (1997), the building centres have demonstrated that alternative construction 
technologies can bring down cost of construction. Keswani (1997) does not mention about 
building centre movement in any other country. 
The above sections indicate that cost of construction can be reduced by using alternative 
materials and technologies. It is important to note that one can also save on cost by reducing the 
wastage at construction sites. According to Formoso et al (2002), waste in the construction 
industry is important. He states that to many people, the notion of waste is directly associated 
with the debris removed from the site and disposed off in landfills. The main reason for this 
relatively narrow view of waste is perhaps the fact that it is easy to see and measure. Other 
types of material waste beyond debris also need to be considered. Skoyles (1976) makes a 
distinction between direct and indirect material waste. Direct waste consists of a complete loss of 
materials owing to the fact that they are irreparably damaged or simply lost In this case, the 
wastage usually needs to be removed from the site. By contrast, indirect waste occurs when 
materials are not physically lost; causing only a monetary loss- for example, waste owing to 
concrete slab being thicker than specified by the structural design. While this appears to be an 
important issue, according to Formoso et al (2002) the literature review indicated that the 
availability of data on material waste in the building industry was scarce. They further state that 
the number of empirical studies in different countries is small, and except for Skoyles (1976), all 
of them investigated a fairly limited number of materials in a few construction sites. 
According to Fonnoso et al (2002), the concept of waste is directly associated with the use of 
resources that do not add value to the final product. Therefore the detrimental effect of waste on 
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cost, energy and emission could be to some extent eliminated by training of the construction 
workers and the site managers. Unfortunately, we do not find data on wastage at construction 
sites in India and hence, this has been excluded from the study area. However, it is an important 
component of cost saving and hence, future data collection should emphasise this. 
Let us now look at what Andhra Pradesh Primary Education Project can offer in the light of local 
materials, small scale manufacturing and above all cost reduction by adopting afternative 
technologies. The primary schools in Andhra Pradesh in 1995-96 achieved cost reduction by 
eliminating over specifications that Was used conventionally, e. g., the random rubble foundation 
wall width was reduced from 450 mm to 380 mm. Similarly, 345 mm thick clamp bond brick wall 
was reduced to 230 mm by using kiln burnt bricks. While each brick of the latter was more 
expensive than the former, the savings in total number of bricks, reduced cement consumption 
and labour cost made the 230 mm Idin burnt brick masonry more economic than the clamp bond 
brick wall. The use of filler slab (described in Appendix IV) partially replaced cement concrete by 
light weight inexpensive clay ties. This reduced the self weight, which lowered the consumption 
of steel thereby making filler slab more economic than solid reinforced cement concrete slab. 
2.3.2 Construction - an Opportunity for Poverty Reduction 
According to Der-Petrossian (1999), one tenth of the global economy is devoted to construction 
and operation of residential and office buildings. Therefore, it is an important industry for 
employment generation. Moavenzadeh (1987) recognised that domestic construction of shelter 
and infrastructure in developing countries has the potential to contribute to development 
According to him, in developing countries, the contribution of construction to gross domestic 
product (GDP) is typically 3% to 8%. In most of the developing countries, construction contributes 
40%-70% of Gross Fixed Capital Formation. In general construction is an opportunity for both 
developed and developing countries, e. g., in 2003, the construction industry employed 6.6% of 
Britain's total work force and generated about 10% of GDP (The Concrete Centre, 2004). 
According to Moavenzadeh (1987), on an average, construction accounts for 5% of the 
employment in developing nations. In southern Europe and many of the industrialised economies, 
the contribution is higher - 7% to 9%. He further states that the large number of unskilled workers 
in the construction industry gives it a great capacity to absorb labour, especially from the 
agricultural sector. In the low income African countries construction is the most important sector 
in this respect. Moavenzadeh (1987) states that studies by the Wodd Bank have shown that 60 
developing countries would be benefited from the greater use of labour based construction. 
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According to the Tenth Five Year Plan (2002-07) of India, the share of construction sector in 
gross domestic product (GDP), which was 5.4% in 1970-71, came down to 4A% in 1990-91. 
Subsequently it picked up and stood at 5.1 % in 1999-2000. The share of the construction sector 
in total gross fixed capital formation (GCF) came down from 60% in 1970-71 to 34% in 1990-91. 
Thereafter, it increased to 48% in 1993-94 and stood at 44% in 1999-2000. Clearly, there has 
been a decline in the share of construction sector in the GDP and capital formation. The main 
reason for this according to the Tenth Five Year Plan was reduced Government spending on 
physical infrastructure in the last decade owing to fiscal constraints. 
EmPLOYMENT AND CONSTRUCTION INDUSTRY 
According to the Tenth Five Year Plan (2002-07) of the Planning Commission, Government of 
India, the construction sector is one of the largest employers in the country. The main advantage 
of the construction sector in employment generation lies in the fact that it (i) absorbs rural labour 
and unskilled workers (in addition to semi-skilled and some skilled); (ii) provides opportunity for 
seasonal employment thereby supplementing workers' income from farming; and (iii) permits 
large-scale participation of women workers. In 1999-2000, it employed 17.62 million workers, a 
fise of 6 million over 1993-94. The sectx also recorded the highest growth rate in generation of 
jobs in the last two decades, doubling its share in total employment Investment on construction 
leads to employment opportunities for construction related people. Tiwad et al (1996) stated that 
according to an estimate by the National Buildings Organisation, Govemment of India, an 
investment of 10 million rupees in building construction would generate on-site employment of 
923 man-years and off-site employment of 1477 man-years. Tiwad et al states that in a typical 
construction activity around 33% is spent on labour. However, while stating these, 
Parikh et al (1993) do not mention the year of the estimate, neither did they mention the number 
of working days considered per man-year. Therefore, it is important to investigate whether by 
using local materials and labour intensive technologies, the employment opportunities mentioned 
above can be increased compared to the present situation. 
MATERIALs AND EmPLOYMENT 
In the conte)d of investment on habitat and employment generation, Klaassen et al (1987) 
stressed that the choice of materials is very important for the creabon of direct employment. The 
choice of materials also largely determines, through backward linkages, the creation of indirect 
employment. The effects are most significant in the building materials sector, but other sectors 
also benefit. According to Klaassen et al (1987), the backward linkages of the habitat sector are 
higher than those of most other sectors. Less indirect employment will be generated if more 
materials are imported and it will hardly profit domesbc sector. Klaassen et al (1987) state that the 
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indirect employment effects of an expansion of cement and steel intensive buildings will be below 
those of an expansion achieved with the intensive use of indigenous materials such as brick and 
wood. 
LABOUR INTENSIVE TECHNOLOGIES 
We will start this section with the views of Watermeyer (1993). He distinguishes between labour- 
based and labour-intensive construction. According to him, labour-intensive construction implies 
merely the use of as much labour as possible and is usually implemented in practice by 
substituting men for machine. The labour-based construction, however, aims at changing the 
technology employed in the construction process so ' as 
to make it appropriate for manual 
construction methods, thereby providing employment and training opportunities for both unskilled 
and semiýskilled labour. The emphasis in labour-based construction is on employment training 
and development whilst ensuring that the cost and quality are comparable with those of plant- 
based construction. Labour-based construction methods necessitate the complete reappraisal of 
design and construction techniques in order to find solutions appropriate for manual methods. 
However, in Indian context, the term "labour-intensive" is used for what Watermeyer (1993) 
defined as "labour-based'. In the DFID funded projects in Andhra Pradesh and Orissa, the term 
"labour4ntensive' was adopted, because it was commonly used in the Government engineering 
departments. Therefore, this dissertation will use "labour-intensive" for "labour-based". 
Construction as an opportunity for employment is to be understood in terms of different skill levels 
of the workers available in a context According to Moavenzadeh (1987), the developing countries 
have a higher percentage of unskilled workers than in developed countries. Similarly 
Watermeyer 0 993) states that under-developed communities possess only one resource - 
labour, which is generally unskilled and untrapped. According to him, the labour content of a 
construction project can be increased by substituting unskilled men for machine. However, such 
increase in employment is temporary and such a change in construction practice will not equip 
people to become skilled so that they could be self-employed or qualify them for formal 
employment. The resources of under-developed communities will, therefore, remain un- 
enhanced. Watermeyer (1993) suggests that a community can derive the maximum benefit from 
construction projects - i) if they are structured so as to create employment opportunities, ii) 
promote community participation, iii) impart technical skills to the unskilled and semi-skilled sector 
of the community, iv) transfer administrative, commercial and managerial skills, v) retain, as far as 
possible, the funds expended on the project within the community and vi) develop contractors and 
entrepreneurs from amongst the local community. Clearly, the simple substitution of humans for 
machine will not satisfy many of the above crtteria. 
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While the attempt to eventually develop skilled construction workers appears to be logical for 
achieving enhanced human resources, there are problems right now. According to Moavenzadeh 
(1987), ensuring an adequate supply of skilled construction workers is extremely difficult for many 
developing countries for several reasons. To begin with, he says that low monetary value is 
attached to construction labour relative to other sectors. The agricultural sector draws large 
number of labourers away from construction at critical periods. For example, Sha and Jiang 
(2003) report that the overwhelming majority of employees in China's building sector are 
labourers from rural areas. They account for 90% of the workforce on the production in 
construction projects. Many construction projects are interrupted in the farming season, e. g., May 
and September in Northern China, when the labourers from the rural areas go home for reaping 
and sowing. The Tenth Five Year Plan (2002-07) of the Planning Commission, Government of 
India, states that the Indian construction industry is characterized by the predominance of 
migratory and unskilled labour. Therefore, there is a need to expand the training and skill 
certification programmes. Tenth Five Year Plan reports that to encourage such training, 
incentives may be provided to contractors for funding the skill upgrading of construction workers. 
However, there is no institutional framework to impart training at the worker's level, barring a few 
initiatives taken by the Construction Industry Development Council (CIDC) and large construction 
companies such as Larsen and Turbo. Apart from that the Andhra Pradesh and Orissa 
experiences revealed that the cost of training is also a barrier for masons'training. 
Another important point in this regard is the scarcity of the skilled workers, since by tradition, the 
major means of acquiring skill in developing countries is through informal training on the job or 
though apprenticeship (Moavenzadeh, 1987). According to Jayawardane and 
Gunawardena (1998), over 80% of the construction workers in Sri Lanka are informally trained, 
and that a large percentage require further training either in their own or a new trade. However, 
by creating employment alone will not solve the problems. Moavenzadeh (1987) states that on 
the job training produces at best semi-skilled workers with project specific abilities. He also states 
that implementing formal training has been difficult. Construction firms are unwilling to invest in 
such programmes since the newly skilled workers were under no obligation to the firm that paid 
for their training and might leave forjobs; elsewhere. According to Moavenzadeh, the public sector 
is expected to provide training programmes but most of these programmes have been 
unsuccessful. Apart from these, in many developing countries there is lack of job opportunity for 
the skilled masons. Jayawardane and Gunawardena (1998) report that over 60% of the skilled 
work force in Sri Lanka is not fully utilized, owing to lack of full time employment The problem of 
funding for training of the construction workers is a separate subject and hence, will be excluded 
from this dissertation. However, the use of labour-intensive technologies is expected to increase 
the individual level wealth by creating round the year employment. This may enable them to save 
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money after their domestic consumption and part of the training cost could be paid by the 
masons. However, this will take place only if they are convinced that the training will be financially 
beneficial for them. In any case, part funding by the industry will always be necessary for formal 
training. 
In India it may be reasonable to adopt Watermeyer's (1993) view of increasing the employment 
opportunities in the construction sector. He states that what is required is a radical departure from 
the established approach to construction involving not only a change in the construction method, 
but also the construction process. Depending upon the situation in a context, decision making 
could be done to suit the local needs. In rural India there are a large number of agricultural 
labourers who engage themselves in construction activities in non-agriculture seasons (renth 
Five Year Plan, 2002-2007). Therefore, unskilled and semi-skilled labour4ntensive systems may 
be adopted in rural construction projects. However, in the urban and semi-urban areas, there 
may be a need for promoting skilled and semi-skilled intensive technologies because of the 
availability of these types of skills. 'Vidyalayam" (Bonner, Das, 1996) provides database for 
various options of labour-intensive construction technologies, which could be adopted for decision 
making in this regard depending upon the materials and type of skills available in different 
contexts. 
MAINTENANCE AS AN OPPORTUNITY FOR EmPLOYMENT GENERATION 
An important issue has been raised by Moavenzadeh (1987) regarding maintenance of buildings. 
He says that developing countries have always a low priority for repair and maintenance. In 
developing countries maintenance generally accounts for less than 10% of the total construction 
cost as opposed to 25%-40% in developed nations. The demand for repair and maintenance 
provides a substantial market for contractors and suppliers of building materials. 
Moavenzadeh (1987) states that visits to many developing countries confirm that facilities are 
simply not being maintained. Traditionally maintenance of buildings has been viewed as liability in 
India owing to fund shortage (Das, 2000). 
INCOME-MULTIPLIER EFFECT 
The use of labour-intensive technologies based on local materials will give rise to accumulation of 
higher amount of money to the construction related people in a locality, than the cement and steel 
intensive systems. This is likely to lead to the income multiplier effect. Klaassen et al (1987) 
while discussing income multiplier effect states that once employment has been created on the 
site, indirect employment ensues from the need for materials and other requirements. The 
resulting increase in employment in turn generates second-order employment. Thus an 
investment creates various rounds of employment generation and consequent increases of 
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income. The total income finally created is a multiple of the initial investment - the income 
multiplier. 
Tipple (1992) has described this effect in the context of housing. According to him, the number of 
dollars and income generated within the country through the expenditure of US $1 on house 
building is termed the income multiplier. It means that if US $1 is spent on wages for a labourer, 
who then spends it on locally produced food (through the production of which other local people 
have earned their livings), the income multiplier will be higher than if the US $1 were spent on 
imported steel. An aggregate of all such spending, and its income effect within the country, is 
called an income multiplier Cripple, 1992). 
According to UNCHSAILO (1995), if a shelter investment involves capital-intensive technology and 
the workers spend their income on imported goods, or taxes, or do not spend but save, the 
multiplier is likely to be close to 1. If the technology is labour-intensive and the workers consume 
only local produce, do not save, nor pay tax, leakage as the money circulates would be lower and 
the multiplier would probably be much higher than two. A similar figure has been suggested by 
Klaassen et al (1987). According to them, in general, the multiplier for habitat investments has 
been shown to be quite high compared to those of other sectors. Estimates for such countries as 
Colombia, India, Korea, Mexico and Pakistan all resulted in a figure of about two, the explanation 
being the usually lower import content of habitat outlays compared with those of other sectors. 
Moreover the habitat sector is relatively labourAntensive and unskilled labour generally tends to 
save relatively little. Finally income taxes are comparatively low for the lower income brackets 
concerned. Therefore, it is reasonable to adopt the value of two for income multiplier effect in this 
dissertabon 
2.3.3 Construction -a Threat to the Environment 
As evident in the section on sustainability, the environmental damage owing to human activities is 
under scrutiny. In this section we will examine this issue of sustainable development in the 
context of the construction industry. According to Uppiatt (1999), building construction consumes 
40% of raw stone, gravel and sand used globally each year, and 25% of the raw timber. Buildings 
also account for 40% of the energy and 16% of the water used annually worldwide. According to 
Der-Petrossian (1999), one sixth to one half of the world's major resources (energy being the 
most crucial one) are consumed by construction and construction related industries. 
According to Chen and Chambers (1999), the environmental impacts of the construction industry 
are extensive, particularly in developing countries. We shall examine this situation in China and 
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India because of their increased human activities owing to the population explosion compared to 
the rest of the world. Chen and Chambers observe that although efforts in China have been 
made in terms of innovation of solid brick, research on passive solar-energy-heating buildings, 
improvement of earth buildings and development of ecological villages, the progress is far from 
satisfactory. The built4n defects of the economic system, lack of an effective legal system, lack of 
public awareness and Government bureaucracy contjibute to the difficulty of putting the vision of 
sustainable construction into practice. According to Chen and Chambers (1999), China's 
sustainable construction is still at its primary stage. 
Verma (2000) observes that, recently there has been an increased awareness about 
environmental protection in India. However, the Tenth Plan admits that the Indian development 
strategies have not been sensitive to the ecological issues, although its importance has long been 
recognised. Deb (1994) refers to the 1980 index of construction cost at national level (urban 
centres in India) and states that the material component was 72.34%, from which he concluded 
that the crifical area of the Indian construction industry is building materials. He argues that the 
simplistic suggestion to enhance the production rate of the conventional building materials by 
unlimited exploitation of naturally available raw materials may lead to ecological disaster. 
According to him, India in 1980 required 70 billion bricks in urban area only. He assumes 1.2 
metres; of top soil for production of good quality burnt bricks and estimates that India will continue 
to lose 35,600 acres of fertile top soil annually. Similar examples regarding timber, cement, lime, 
etc., would establish the most urgent need to substitute the conventional building materials with a 
new range of materials that would be eco-friendly. Deb (1994) also states that all burnt clay 
products in India use coal, wood, lignite, etc., which deplete the energy resources and pollute the 
environment. 
Natural and man-modified resources in developing countries exhibit extensive interdependence 
(Pearse and Tumer, 1990). As demand for fuel wood increases, tree cover is reduced. According 
to Pearse and Turner, the renewable resources in the developing countries are being 'mined' in 
much the same way as exhaustible resources, which is a matter of great concern. Therefore, in 
Indian context, the rate of depletion of renewable sources of energy should be reduced. 
As mentioned before, Maithel and Uma (2000) estimated that more than 100,000 kilns produce 
about 80 to'100 billion bricks per year in India. According to them, coal is the major fuel used for 
firing bricks. It is estimated that the brick industry consumes about 15 million tons of coal 
annually. Mailthel and Uma state that, some technological improvements have been made in a 
section of the brick industry (mainly in large brick making units) after the Government of India set 
emissions standards for brick kilns in 1996. In addition to reductions in emissions, the regulations 
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have resulted in some fuel savings. However, Mailthel and Uma do not provide any quantitative 
evidence in support of their statements. 
According to Sjostrom and Bakens (1999), the construction industry and the built environment are 
the main consumers of energy and material resources. Within the European Union, buildings are 
estimated to consume approximately 40% of total energy, responsible for some 30% Of C02 
emissions and generate approximately 40% of all man-made waste. Cole and Rousseau (1992) 
state that though research in the mid 1970s clearly demonstrated that significant amounts of 
energies are required to produce a building; energy accounting over the past fifteen years has 
focused almost exclusively on operational energy use in buildings and the development strategies 
to reduce it In the 1990s it became increasingly important to resume the work on evaluating the 
energy for producing buildings and to extend it to embrace a broader environmental agenda. 
Mithraratne and Vale (2003) state that although historically attention was focused on the 
operating energy, the importance of both embodied and operating energy attributable to buildings 
has been highlighted by recent Australian research. This dissertation is focused on rural school 
buildings in India. It may be noted that most of these schools do not have access to electricity 
(Das et al, 2004). It is, therefore, reasonable to consider only the issues of embodied energy and 
emission Of C02 in the present contexL 
EMBODIED ENERGY 
Each material used in construction has embodied energy, which is an important environmental 
parameter in this dissertation. It may be noted that the calculation of embodied energy of 
materials is a complex issue. According to Woolley et al (1999: 7), 'calculations of embodied 
energy are complex, for they include the energy from the extraction of raw materials through to 
processing and erection. Taking transportation (as weH as infrastructure) into account, not to 
mention a portion of the energy used to make mining, processing, transportation and construction 
equipment, one has a challenging task to arrive at a comprehensive single figure for the 
embodied energy of any given materiaL ConsiderkV the variety of materials which go into any 
building, a single figure for a building is even more daunting. " 
The main problem is where to draw the boundaries and to highlight this, Woolley quotes from the 
Masters Thesis of Thomas Keogh (1996) at Queens University and asks 'should we conskLer the 
energy used to cook the building workers [7 breakfasts? " This is a topic of concern to the 
researchers and professionals but as yet there is no internationally agreed method for calculating 
embodied energy. Following is a brief description on some of the methods of calculating 
embodied energy. 
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Method of calculatina embodied enerav: Since this dissertation is not focused on embodied 
energy analysis, a brief description on the different methods used in this context has been 
provided this section. According to Shipworth (2002), embodied energy analysis is dominated by 
two commonly used methods - process analysis and input-output analysis. Process analysis 
offers comparative precision and high product-process specificity, but lacks generality and suffers 
from incompleteness. Input-output analysis is comparatively better in terms of generality and 
offers completeness, but contains substantially greater uncertainties and lacks product specificity. 
The complementary characteristics of these two approaches have lead to the development of 
new hybridised models that selectively integrate process analysis data into an input-output 
framework on a priorifized basis (Treloar, 1997). 
Fay et al (2000) refer to Boustead and Hancock (1979) to state that, in theory, process analysis is 
the simplest method of embodied energy calculation. This method focuses on energy required for 
particular industrial processes. In brick making, for example, the energy metered at the factory 
boundary can be measured (i. e., the direct energy requirement). However, such a measurement 
is incomplete because it excludes, for example, the energy used to extract clay from the ground 
and then transport it to the brick fields (i. e., indirect energy). Process analysis can be used to 
measure the energy used, e. g., per brick, for many of these processes. However, at each stage 
there may be many large or small inputs of goods and services which cannot be covered in detail 
using the process analysis method. 
According to Fay et al (2000), the method that can provide an estimate of all energy embodied in 
a product is known as input-output analysis. This method makes use of national statistical 
information compiled by Governments for the purpose of analysing national economic flows 
between sectors. These economic flows can be translated into energy flows using average 
energy tariffs. Fay refers to Treloar (1997) to state that while theoretically complete, this method 
has several methodological problems. Consequently this method is not considered reliable for 
embodied energy analysis of an individual product. Like Shipworth (2002) , Fay et al (2000) and 
Treloar et al (2000) also opine that hybrid analysis combines the strengths of process analysis 
and input-output analysis. According to Fay et al (2000), the most important deficiency with the 
hybrid analysis method is the lack of comprehensive and reliable database of energy use from 
industry. 
Cole and Rousseau (1992) state that limited international research over the past 15 years in the 
field of energy intensifies of building materials has reduced differences in the calculated values 
for some materials. Still, there are some significant differences in this regard for the following 
reasons; 
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System boundaries 
Data source reliability 
International differences 
Thermal energy content of feedstock materials 
Svstem boundaries: Cole and Rousseau (1992) refer to Kohler (1991) and state that there is no 
absolute or correct energy intensity of a material. A stated value is a direct function of what was 
included and what was excluded from its derivation. Assessment of energy intensity figures must 
therefore, be accompanied by definitions and clear boundaries. The commonly accepted limit 
includes analysis of all the industrial process of extraction, transporlation and processing of a 
material, which typically captures about 90% of the gross energy requirements of a manufactured 
item. However, there may be important exceptons to this. 
Data sources and reliability: the data sources for energy intensity analysis are also problematic 
since the three main sources of data; viz., National statistics, Process analyses and industry 
statistics are not necessarily available and may not produce reliable results. However, by using 
several types of analysis, one can judge the reliability of results through comparing the 
consistency of figures derived from different data sources. 
International differences: there are several factors which also affect international figures and to 
some extent, even national figures. The most regionally available and inexpensive fuel is likely to 
be used, within regulatory boundaries. Some industries rely on imported raw materials for which 
the overseas extraction cost and energy may be difficult to assess. Different accounting methods 
could also make a difference at intemational level. For example in New Zealand, many non- 
ferrous metal statistics are lumped together making it difficult to distinguish copper from 
aluminium, etc. (Cole and Rousseau, 1992) 
Thermal enerqv content of feedstocks: there are two ways of calculating energy content of the 
materials which are petroleum based. Some use their theoretical thermal value and other their 
actual value when burned in a process of average efficiency. Many researchers opt for the 
theoretical value and this explains the relatively high energy intensity for most synthetic resins. 
According to Shipworth (2002), the current means of assessing the environmental impact of 
construction projects such as the Green Building Challenge's 'Green Building Tool's (discussed 
later), the US Green Building Council's Leadership in Energy and Environmental Design 
(LEED Rating System, 2001) and the Building Research Establishments 'BREEAM' package and 
its variants, all have difficulty in assessing the first of these components - the embodied energy of 
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construction. In the recent international trial of the newly developed 'second generation' green 
building assessment package the 'Green Building Tool', participants repeatedly reported difficulty 
in finding reliable data on which to base their assessment of the embodied energy of construction. 
Shipworth (2002) refers to Crawley and Aho (1999) and states that, while assessing the 34 
buildings for the Green Building Challenge '98, it was found that determining embodied energy 
was extremely difficult and costly. Several countries decided specifically not to address it in their 
assessment. 
All the problems mentioned in this section also exist in India. It is important to note that the 
Ministry of Urban Affairs and Employment Government of India, had published a document that 
contained data on embodied energy of construction materials (Gupta, 1998). However, such data 
is far from satisfactory since the document does not explain the process of energy calculations. 
Their earlier publication "Home and the Family (Gupta, 1994) also provided data on embodied 
energy of some building materials such as cement, steel, etc., without explaining how they were 
derived. The researchers of the Tata Energy Research Institute, New Delhi and the Ministry of 
Environment and Forest, showed keen interest in the subject and provided important information 
on how to calculate C02, etc., which has been discussed in chapter 8 on data analysis. 
Out of all these documents, the data provided by the Development Afternatives (Energy Directory 
of Building Materials, 1995), a Non Governmental Organisation in Delhi, is adopted here for the 
following reasons. Development Aftematives' study on embodied energy is based on - i) Energy 
for quarrying, including transportation to production site, ii) Energy for basic raw materials and 
processing, iii) Energy for production of materials including thermal, electrical but ignoring 
manual labour. The calculations have been based on common practices, the most accepted 
technology and best practice, which are usually characterized by adopting energy efficient 
measures without significantly changing the technology or type of fuel used. The Development 
Alternative's database is from different sources, e. g., while calculating transportation energy, it 
has adopted Tata Energy Research Institute's data (TEDDY, 1993). Development Alternative's 
database is not complete in every respect and some of them are outdated. For example, their 
data on cement has been updated with reference to the National Council for Cement and Building 
Materials (NCCBM, 2002-03), Government of India. All these have been explained in detail in 
chapter 8 on the database. Therefore, while the database on embodied energy adopted in this 
dissertation appears like hybrid process, it requires an in-depth research to come up with a single 
source of accurate handbook for the use of the architects, engineers and decision makers. 
Let us now look at a different aspect of embodied energy. Thormark (2000) reports that to reduce 
the negative environmental impacts owing to the building sector, recycling of building materials 
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are on the increase. Projects are carded out on several levels and are often well analysed 
regarding the economic consequences; however, the actual environmental effects are rarely 
studied. Thormark (2000) presents a study of the environmental impacts owing to a building from 
1997 with a large proportion of reused building materials and components. Two cases were 
studied; 01 the building as it was built with a large proportion of reused materials and components 
@i the building as if all materials and components had been new. The results showed that the 
environmental impacts were about 55% of the impacts that would have been caused if all 
materials had been new. The reuse of clay bricks and roofing clay tiles accounted for the main 
decrease in environmental impacts. Further, these materials can be transported over quite long 
distances and still give environmental benefits. However, progress in India in this respect appears 
to be slow, e. g., according to Gupta (1998), the slow implementation of research findings on the 
use of fly-ash by cement and concrete industries have been discouraging. 
EmISSIONS 
UNCHS(Habitat), (1991) report states that the pollution problem caused by building materials 
industries have attracted the attention of the environmentalists only recently. Energy efficient and 
pollution control technologies have, however, made few inroads in building materials industries in 
developing countries so far. Available technical innovations are either not accessible to these 
industries or their significance in reducing production costs and pollution is not well understood. 
According to the UNCHS (Habitat) (1991) report, the materials industries, of which building 
material production constitute a substantial part account for nearly 20% of world fuel 
consumption. This along with the growing pollution problem will increasingly affect legislative 
action in developing countries. Hence, access to clean technologies, local building-materials 
industries, etc., would be of crucial importance in the near future. Raynsfbrd (1999) reports that 
the energy use in buildings account for between 40% and 50% of the UWs emissions Of C02- 
According to the UNCHS(Habitat) (1991) report many developing countries while acquiring new 
technologies for building materials industry, have often imported polluting technologies which 
have become obsolete in the western countries because of their strict pollution control legislation. 
Acquisition of such technologies is a retrograde step for the developing countries, as their 
eventual replacement by cleaner technologies would prove to be too costly and would put a brake 
on the industrialisation process of these countries. In this context Deb (1994)'s states that for 
ages, India has continued to use Bull's Trench Kiln, etc., for firing bricks, tiles etc., which has 
been discarded by many countries because of its high energy consumption and emission Of C02- 
It may be noted that the construction materials are produced by burning coal, oil/diesel, firewood 
and other types of biomass at high temperature, which generate C02- Most of the building 
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materials emit pollutants because of coal burning. The construction sector in India is estimated to 
generate as much as 22% Of C02 emissions since it consumes energy intensive materials such 
as iron, steel, cement, bricks, non-metallic minerals like glass, concrete, asbestos and wood 
(BMTPC, 1998). There are other sources of information regarding C02 emission in Indian 
construction sector. Tiwari et al (1996) calculated the sectoral C02 emission through an input- 
output approach for the Indian economy using 1983-84 data. The results showed that 
construction sector was the largest C02 emitting sector and its share was 17% of total carbon 
emissions. According to them, the main reason for this was the use of highly energy intensive 
materials like steel, cement, etc. According to Kumar et al (2000), the C02 emission in India has 
increased significantly. They reported that the construction sector is the largest contributor Of C02 
emissions in India and is responsible for 22% of the total, i. e., 5% increase between 1984 and 
2000. Similar figures on C02 emission in the construction sector has been reported by Maithel 
(1999). Reducing the C02 emission by adopting appropriate materials and construction 
technologies may lead to indirect benefits to the Government of India which can do carbon 
trading with the developed countries. 
Kumar et al (2000) opined that the major energy users in the building materials industry are the 
producers of cement, bricks, steel and lime. Maithel (1999) reports that the production of steel, 
cement and bricks, require burning of about 70 million tons of coal annually. He also reports that, 
the brick industry with an estimated coal consumption of 20 million tons per year is the third 
largest consumer of coal in the country after power plants and steel industry. Kumar estimates 
that cement, bricks, steel and lime together contribute 80 % of total C02 emissions from the 
Indian construction sector. The current demand for these four materials is expected to emit 81 
million tons Of C02. In the specific case of cement, per capita consumption is expected to 
increase from the existing level of 60 kilograms to 210 kilograms by the year 2020. The latter 
figure is equivalent to current consumption in developed countries. It is expected that by the year 
2020, their use will result in a threefold increase in energy requirements. The corresponding 
emissions will escalate to 285 million tons Of C02. These projections are based on current 
technologies prevalent in the respective manufacturing sectors. 
Parikh et al (1993) refer to Parikh and Gokam (1993) and recommend that increasing 
construction efficiency by optimising the usage of less energy intensive material in construction 
technologies could be important in reducing C02 emissions. They have calculated that less bricks 
and cement-intensive construction techniques would reduce emission Of C02 by about 21%, 
however, it would increase the building cost by 27%. 
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The United Nations Framework Convention on Climate Change was adopted in 1992. It provides 
the unifying framework of institutions and processes needed for global cooperation on climate 
change. This means that, whatever disagreements may have arisen over the Kyoto Protocol, the 
Convention's 187 Parties will continue to meet on a regular basis to discuss how to carry out their 
Convention-related commitments. 
Under the convention, both developed and developing countries are committed to adopting 
national programmes for mitigating climate change. They are also to take climate change into 
account in their relevant social, economic, and environmental policies; cooperate in scientific, 
technical, and educational matters; minimize the effects of response measures on developing 
countries; and promote education, public awareness, and the exchange of information related to 
climate change. Additional commitments applying to developed countries only, include taking 
action aimed at stabilizing greenhouse gas emissions at 1990 levels by the year 2000 and 
providing financial and technological support to developing countries. The Convention sets out a 
number of guiding principles for global cooperation on climate change. The precautionary 
principle says that the lack of full scientific certainty should not be used as an excuse to postpone 
action when there is a threat of serious or irreversible damage. The principles of equity and of the 
common but differentiated responsibilities and respective capabilities of states confirm that 
developed countries should take the lead in combating climate change and its adverse effects. 
The principle of cost effectiveness seeks to ensure that the global benefits of minimizing climate 
change are achieved at the lowest possible cost. Other principles deal with the special needs of 
developing countries and the importance of promoting sustainable development The situation in 
the developing countries is predicted to be alarming. The third assessment report of the Inter 
Governmental Panel on Climate Change QPCC, 2001: 12) states that; 'The impacts of climate 
change will fall disproportionately upon developing countries and the poor persons within a# 
countries, and thereby exacerbate inequities in health status and access to adequate food, clean 
water, and other resources. 
Populations in developing countries are generally exposed to relatively high risks of adverse 
impacts from climate change. In addifion, poverty and other factors create conditions of low 
adapfive capacity in most developing countries. " 
From the above discussion, it appears that C02 emission in Indian construction industry is a 
serious issue. To discourage the use Of C02 intensive systems, there may be various strategies, 
e. g., Lowe (2000) suggests that regulation is overwhelmingly and obviously the best approach in 
certain areas of activities in this regard. The other approach could be carbon taxation, which 
means to raise the marginal price of energy in proportion to its carbon content. Lowe (2000) says 
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that carbon taxation has a major advantage over traditional regulatory approaches. He opines 
that regulation and market based approaches appear to be complementary and mutually 
dependent. Lowe (2000) concludes that the evidence of anthropogenic climate change, though 
complex, is increasingly convincing. The energy and environmental performance of all buildings, 
particularly in the domestic sector, can in principle be reduced substantially through improved 
building regulations. Substantial progress towards the goal of reducing energy use and carbon 
emissions from buildings will require use of market mechanisms in support of regulatory 
approaches. The technologies to achieve large reductions in energy use in the main classes of 
construction exist, but there is presently little incentive for this. 
The calculations Of C02 emission in this dissertation has been based on the Development 
Alternatives' energy handbook (Energy Directory of Building Matedals, 1995), which provides 
data on quantities and types of fuel required for materials such as brick, cement, steel, clay file, 
etc. For those matedals not covered by the energy handbook, calculations Of C02 have been 
based on the carbon content and combustion elficiencies of petroleum, coal and firewood 
adopted from other sources described in chapter 8. 
2.3.4 Life Cycle Analysis 
It has long been recognized that evaluating the costs of buildings and engineering structures on 
the basis of their initial costs alone is unsatisfactory (Ashworth, 1993). While the effective 
consideration of the whole life costs is likely to result in large scale social infrastructure 
programme that offers the decision makers better value for money, there are problems which still 
need to be resolved before the method can be properly used in practice. These relate to the lack 
of knowledge and understanding on the part of both practitioners and clients and to a number of 
uncertainties, particularly with respect to historic data, the long term future time horizons and the 
policy issues of asset management. 
The term "life cycle costing' originated in North America in the late 1950s (Ashworth & Hogg, 
2000). Ashworth and Hogg referred to Hoar and Norman (1992) to state that, in the late 1970s, 
the US Government actively encouraged the use of life cycle costing. In the UK, it was referred to 
as costs-in-use. Ashworth and Hogg (2000) further state that according to Flanagan and Nor-man 
(1983), the UK began referring to life cycle costing soon after the US. The strict definition of this 
term is the costs involved in purchasing and operating an asset. By definition, this includes initial 
construction costs and also the costs associated with its eventual disposal. There is evidence that 
the varying techniques used in different parts of the world for evaluating the costs of buildings and 
other structures are seeking out more common ground (Ashworth and Hogg 2000). This is 
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especially true of life cycle costing where similar studies have revealed similar problems in 
application. In most of the cases, the overall approach is much the same. It consists, first, of 
examining different design proposals by assessing their respective costs, both initially as well as 
their life cycle. According to Ashworth and Hogg (2000), a frequently held reason for why the 
technique has not been widely used is the lack of appropriate, relevant and reliable historical cost 
information and data. Cole and Sterner (2000) emphasise that a life cycle cost analysis is a data 
intensive process and the final outcome is highly dependent on the accessibility, quality and 
accuracy of input data. However, even if the life cycle cost estimates for a whole building are 
preliminary and approximate, they can still expose significant cost areas and, therefore, provide 
an informed basis for subsequent planning. 
Fay et al (2000) refers to Pears (1997) and states that the significance of Green House Gases 
attributable to building operation is well understood. Seo and Hwang (2001), in the context of 
Korea, examined the method for estimating C02 emissions given off over the entire life cycle of 
various types of residential buildings. For this, the life cycle of a residential building was divided 
into four stages - manufacturing of materials, construction, operation, and demolition. The result 
showed that C02 emissions resulting from construction, including manufacturing building 
materials for residential building, were in the range of 381.1 - 620.1 Idlograms of Carbon per 10 
square metres for each building type. However, Most C02 emissions given off during the 
residential building life cycle were owing to the building operation having 87.5-96.9% of total C02 
emissions. Therefore, in Korea, the emission Of C02 UP to the construction of residential building 
is not significant. This may be different in India and hence, there is a need to investigate this 
issue. 
According to Mumma (1995), in a standard Canadian house in Toronto of 40-year life, the total 
embodied energy is 2352 Giga Joules. The total operating energy over 40 years is 9060 Giga 
Joules. Mumma does not mention about the area of the house in square metre. However, such 
data on C02 emission and embodied energy will vary from country to country owing to factors 
such as system boundaries, data source reliability, International differences and thermal energy 
content of feedstock matedals. 
According to Shipworth (2002), life cycle environmental impact analysis of building is typically 
divided into three stages i) embodied impacts - impacts associated with the building's 
construction including those associated with the material inputs to the construction process, it) 
operational impacts - impacts associated with the building's operation over its life and iii) disposal 
impacts - impacts associated with its demolition or decommissioning. According to the ATHENA 
Institute's (2000) report natural resources, energy and water are required for a building starting 
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from material acquisition, construction, occupancy, demolition down to the disposal of the debris. 
Similarly, emissions to air, impact on water and land should also be considered for life cycle 
environmental impact assessment Therefore, life cycle environmental impact assessment 
method has to consider the way natural resources, energy and water emissions to air and land 
are affected owing to construction. 
Let us now discuss the process of calculating life cycle impact of construction on the 
environment. Similar to Shipworth (2002), Fay et al (2000) also state that a building's life cycle 
energy consists of its initial embodied energy, its recurrent embodied energy and its operational 
energy over its lifetime. The energy embodied in a product comprises the energy to extract 
transport and refine the raw materials and then to manufacture components and assemble the 
product. 
A discussion on different methods of calculating embodied energy of construction materials has 
been carried out in the section on "Embodied Energy". Based on that discussion it has already 
been mentioned that the database of Development Alternatives (Energy Directory of Building 
Materials, 1995) is close to a Hybrid method and is perhaps the only complete source of 
embodied energy of basic construction materials such as cement, steel, brick, etc. Therefore, 
Development Alternatives' database vAll be adopted in this dissertation. 
One of the crucial elements in life cycle impact assessment is its theoretical basis. Cole (1999) 
provides a complete picture of life cycle analysis of construction by defining the scope and 
boundaries of environmental assessment method. The Figure 2-1 shows a conceptual framework 
that can be used to illustrate the scope and boundaries of environmental issues in current 
building assessment methods. It consists of three primary dimensions, viz., Criteria, Time and 
Scale. 
Figure 2-1 The domain of life cycle impact assessment as suggested by Cole (1999) 
Scale 
+Global 
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Source: Cole (1999: 239), Figure 3 At Buildina materials 
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Criteria: it consists of ecological concerns (resource use, ecological loadings, etc. ) and human 
concerns (indoor environmental quality, economics, etc. ). Each of these sets of issues can be 
further subdivided into - performance criteria that can be currently quantifiable and that can be 
confidently defined and assessed, such as energy use, water use, etc. These are shown as solid 
lines. Performance criteria that can currently only be described qualitatively such as loss of 
biodiversity, etc., are open to wider interpretation and therefore, their assessment is less certain. 
These are shown as broken lines. The criteria, such as, to what extent the reduction in C02 
emission in building maintenance will affect the local climate is difficult to quantify and may be 
represented by dotted line. 
Time: Adopting life cycle assessment approaches seem to be an appropriate basis for structuring 
performance criteria within building environmental assessment tools. However, Cole (1999) refers 
to Beetstra (1997) and states that, it may not be possible for all criteria. In Figure 2-1, both the 
distant past and long-term future are less clearly known and certain than the immediate past and 
future. As such, they are distinguished by periods of relative confidence (shown as a solid line) 
and speculation (shown as a broken line) respectively. 
The certainty of predicting frequency of Interventions depends to a large extent upon the historical 
database on the performances of the construction technologies over time. For example, the 
school buildings constructed under Andhra Pradesh Primary Education Project are due for 
another inspection in 2008, ten years after the first intervention. If such inspections are carded out 
till 2018, it will perhaps provide a dependable database for prediction. 
ýacale- Considerable strides have been made in the environmental performance and life cycle 
assessment of individual materials and components as well as their aggregation to whole building 
performance, the links between building and community and regional scale are less well 
developed 
One of the most important issues in life cycle assessment is the frequency of a particular type of 
maintenance requirement. In the context of life cycle energy analysis, Fay et al (2000) with 
reference to a two storey detached brick veneer house in Melbourne, Australia adopted the 
frequency of Painting as 10 years, window repairstreplacement as 50 years, plumbing and 
electrical systems repair between 25-75 years, appliances between 13-25 years and roofing 
materials between 25-50 years. 
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2.4 ASSESSMENT METHODS AND WEIGHTING 
In the context of sustainable social infrastructure development, the above sections have carried 
out a detail discussion on the various issues relating to construction cost reduction, construction 
as an opportunity for poverty reduction and construction as a threat to the environment. These 
are identified from the last row "issues in the construction sector" in Table 2.1, which is the 
summary (by the author) of different sources of definitions of sustainability. Such discussions will 
help in developing an assessment tool to indicate whether we are proceeding towards the goal of 
sustainability as suggested by Dahl (1995). To understand the context of developing an 
assessment tool, the discussion on sustainability has been summarized in Table 22. 
Table 2.2 The domain of impact assessment tools based on the discussion on sustainability. 
Sources G, uidelines for impact assessment tools for sustainable development 
Viederman the humility principle, which recognises the limitations of human knowledge, 
(1995) the precautionary principle, which advocates caution when in doubt, 
The reversibility principle, which requires us not to make any irreversible 
changes. 
Plessis (1999) sustainable development was also seen to imply certain qualitative issues 
surrounding human aspirations, emotional well-being and social 
relationships. 
Cole (1999) the notion of'sustainability'is perhaps only meaningful when applied at a 
global scale. 
Raynsford protection of the environment both from global threats and at local level. 
(1999) 
Dahl (1995) danger of using indicators to make value judgements about the content of 
development 
dynamic process like the sustainability of development is expected to have 
a moving target, 
sustainability can be represented by a vector indicating direction and speed 
of approaching the target. 
Fricker(2001) we have a better understanding of what is unsustainable rather than what is 
sustainable, 
un-sustainability is commonly seen as environmental degradation. 
Lacasse(1998) current trend of building design, engineering methods, manufacturing 
technologies and construction techniques need to be altered to 
accommodate requirements for sustainable construction. 
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Tahlp 22 rontinupti 
Sources Guidelines for impact assessment tools for sustainable development 
Cole (1999) sustainability must give direction to the structure and application of 
environmental assessment methods 
AGENDA21 environmental impact assessment, as a national instrument, 
-action to be taken globally, nationally and locally, 
all States shall cooperate in the essential task of eradicating poverty as an 
indispensable requirement for sustainable development 
States shall facilitate and encourage public awareness and participation in 
dealing with the environmental issues. 
The Millennium sustainable development to be integrated into country policies and program, 
Development 
Goals (2003) reverse the loss of environmental resources. 
Department For environmental sustainability is achieved when the productivity of life- 
International supporting natural resources is conserved or enhanced for use by future 
Development generations. 
(1999) 
Perrings (1994), sustainable development is divisible - sustainability of the component parts 
could be devised in different sectors, resource categories and levels of 
society, 
incentives are important, 
the importance of maintaining the resilience of ecological and economic 
systems at appropriate levels, e. g., think of the behaviour at community 
level rather than of individuals, 
Refugees, victim of famines, disabled, children or the old will not behave 
sustainably. 
Based on the above table, the following points will define the domain of the impact assessment 
tooL 
a Considering the caution against the qualitative aspects of sustainable development, this 
dissertation will consider only the quantitative aspects at this stage of development in India. 
Later on, if the assessment tool is widely used and thereafter evaluated, the qualitative 
aspects could be included. 
Use of materials with low cost low embodied energy and low emission Of C02 is the first step 
towards sustainable construction. Use of local materials is the next step leading to low cost 
and higher income generation compared to that of the conventional construction system. The 
third step is the use of construction technologies that reduce unit cost increase employment 
opportunities and minimises energy depletion and emission Of C02- 
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Sustainability considered in this dissertation is primarily at local level since the Andhra 
Pradesh Primary Education Project database, which will be used for impact assessment, is 
grass-root level information. The issues, such as, poverty and cost reduction in this context 
are local (district level). However, a separate research could be carried out to study its impact 
at the state, national and global levels. The depletion of non-renewable and renewable 
energy and emission Of C02 are essentially global. 
Since sustainable development is divisible, the socio-economic and environmental 
parameters in the social infrastructure construction sector have been considered for impact 
assessment. 
Table 2.2 indicates that, sustainability has a moving target This dissertation adopts the basic 
minimum services as the moving target, which is India's commitment to the international 
goals and targets and also an urgent requirement of its poor people. The requirements of the 
basic minimum services such as primary healthcare, primary school and housing are revised 
in every five year plan of India. The requirements of basic minimum services have been 
calculated according to the Tenth Five Year Plan (2002-2007), Census of India (2001), 
Housing Condition in India, (2004), etc. 
By adopting the recommendations of Agenda 21 and Millennium Development Goals, this 
dissertation attempts to develop an impact assessment tool, which could be used at national, 
state and district level. However, this dissertation does not attempt to show directly how the 
target of basic minimum services is going to be achieved. it will develop an impact 
assessment tool to guide the decision makers involved in social infrastructure development 
This tool will enable them to optimise the socio-economic and environmental impacts by 
choosing the most sustainable construction technologies in the context of primarily the local 
issues and priorities. From the administrative point, the local level here means a district. At 
national level the tool will enable the decision makers to guide the local level decision makers 
if they are in clash with national and global objectives. 
Having defined the domain of an assessment tool for sustainable social infrastructure in India, it is 
necessary to explore the existing literature on assessment methods. While browsing internet 
reading books and journals in search of assessment methods in sustainable constniction, one will 
frequently encounter the term "Green Building ToW. We shall, therefore, discuss "Green Building 
Tool" first. 
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GREEN BuILDING TOOLS 
Kohler (1999) refers to Cole and Larsson (1998) and states that Green Building Challenge is a 
unique international project which was initiated in 1995 by a group of researchers from the 
University of British Columbia along with Natural Resources, Canada. Under the general term of 
. green building', a whole new way of building performance assessment was proposed. The first 
objective of Green Building Challenge was to overcome the shortcomings of existing 
environmental assessment tools. Cole (1999) reports that Green Building Tool as an assessment 
method was built on the limitations of existing methods and confronted areas of building 
performance assessment which were previously either ignored or poorly defined. Under the 
name of second generation tools, they encompass mainly ranking and labeling tools, which had 
been pragmatically developed in the last few years and corresponded to an immediate need 
(Kohler, 1999). 
According to Cole (1999), there are three distinct roles for building environmental assessment 
methods identified during the development and testing of Green Building Tool. The first among 
them was to provide a common and variable set of criteria and targets so that building owners 
striving for higher environmental standards will have a means of demonstrating that effort. The 
second was providing the basis for making informed design decisions, Le., a design tool that can 
provide direction and guidance at all stages during the design development by highlighting priority 
issues and suggesting the possible trade-offs between options. The third was providing an 
objective assessment of a building's impact on the environment, Le., a tool to evaluate energy 
and mass flows between built and natural systems and provide a common yardstick for 
measuring progress towards sustainability. 
Kohler (1999) explains that the Green Building Challenge method is based on the 'distance to 
reference' principle, where the reference is an average building. The advantage of this method is 
the possibility to aggregate different criteria on the basis of their relative distance to the reference 
or target values. Green building practice, as Cole (11999) explains, assumes that by continually 
improving the environmental performance of individual buildings, the collective reduction in 
resource use and ecological loadings by the building industry will be sufficient to fully address the 
environmental agenda. However, according to Kohler (1999), Green Building Challenge has 
raised many questions about green buildings and the way to realize them. The attempt to bring 
together different aspects has raised the problem of their relative importance. One criticism of 
Green Building Challenge is that there is no objective scientific weighting of the different aspects 
of sustainability. Kohler states that weighting can only result from a social process of discussion 
about the future that we want. In this regard, Todd and Geissler (1999) opine that we should set 
our system boundary of weighting of importance at the 'world' level. 
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According to Cole and Mitchell (1999), the Green Building Challenge process showed that users 
need time to become familiar with an assessment procedure. At a practical level, issues of 
terminology and language become important in the implementation of a general assessment 
method. A suggestion from several teams was that it is possibly better to start slowly and with a 
less comprehensive approach, but with a set of core criteria which can be e)dended as 
experience develops. It is evident that a much clearer and consistent set of directives must be 
provided to assist in any custornization process than currently evident within the Green Building 
Challenge process. Let us now look at some other assessment methods. 
The EcoBalance model was developed in Finland in early 1990s (Fiaffnaajarvi, 2000). This model 
is divided into three sub-models: production, operation and transportation. The ecological balance 
sheet has dimensions, viz., consumption of energy, consumption of natural resources (fuels, 
building materials, water), emissions, wastes and costs. Harmaajarvi (2000) states that, with the 
help of EcoBalance model a study was conducted in four existing Finnish eco-villages, which 
were being developed with environmental interests as a priority. The study also compared with 
two conventional Finnish areas of detached houses. It was revealed that in a 50 year period, the 
villages require 800-1200 Mega Waft-hours energy per inhabitant and 17.4 - 33.2 Mega Waft- 
hours per square metre. Energy consumed in Puutosmaki is more than in other areas because of 
high heating energy, long distances and wide use of private cars. The least energy is consumed 
in Ekolehtla, which is located close to the city centre, and light traffic is thus widely used. The 
study areas require 190-420 tons of raw materials per inhabitant and 5.3 - 11.3 tons per square 
metre in a 50 year period. Of these, on average, 60% comprise building materials and 40% fuel. 
C02 accounts for 160-240 tons of emission per inhabitant and 3.8-6 tons per square metre of 
floor area in 50 year period. The majority Of C02 emission is caused by heating and electricity 
consumption of buildings. Such valuable data on the life cycle impact on environment will enable 
decision makers to make sustainable future interventions. 
According to Holm (1998), "Building Research Establishment Environmental Assessment System 
(BREEAM)' is the first and most widely known among the assessment methods for environmental 
sustainability of buildings and building products. Dickie and Howard (2000) state that BREEAM is 
also intended to be used at design phase. It considers issues like energy for operational useand 
C02 emission, materials, transport, etc. (EcoHomes, 2003). However, according to them, many 
countries are using BREEAM as a reference document rather than adopting it whole, reflecting 
the fact that the system was not originally designed to accommodate national or regional 
variations. Cooper (1999) also criticizes BREEAM. He reports that several groups reviewed 
BREEAM by using four principles as an analytical frame: Futurity - concern for future generation, 
Environment - concern to protect the integrity of eco-systems, Equity - concern for today's poor 
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and disadvantaged, Public Participation - concern that individuals can participate in decisions 
affecting them. This method of reviewing revealed that BREEAM was seen as predominantly 
concerned With *environment', with minimal aftention to 'futurity' and 'equity', and none to 
participation'. Cooper states that if this judgement is valid, then BREEAM, Green Building 
Challenge '98 and other existing methods for assessing buildings - whose remit is largely 
restricted to an environmental protection and resource efficiency agenda - have limited utility for 
assessing 'socio-economic'as opposed to'environmental'sustainability. 
However, BREEAM is one of the first few methods of environmental impact assessment and has 
influences on some of the later developments in this field. Holm (1998), states that a well-known 
first generation system is the Canadian method "Building Environmental Performance 
Assessment Criteria' (BEPAC). The developers had the advantage of having BREEAM as a prior 
model. The result is that BEPAC is more detailed and comprehensive in comparison with the first 
BREEAM variants. BEPAC is limited to office buildings. 
Gerard et al (2000) describes ESCALE, which is a method for assessing the environmental 
quality of buildings at the design stage. The method considers two types of evaluation criteria: 
purely environmental criteria (8 technical criteria and 1 organizational criterion), and indirectly 
environmental criteria, i. e., specific concerns of certain parties whose results and actions may 
have an indirect impact on environmental performances. The direct and indirect environmental 
criteria are energy resources, other resources, waste, large scale pollution, local pollution, 
contextual fit, comfort health, environmental management maintenance and adaptability. Based 
on the eleven main criteria, an entire sub-criteria has been developed, thereby generating 
detailed sub-criteria up to the level of elementary criteria. This is a detailed approach and at this 
moment India does not appear to be anywhere close to this. 
Holm (1998) states that the US Green Building Council (USGBC), has launched a system 
designed specifically for use as a green labeling system for rating the performance of commercial 
office buildings. The system, known as "Leadership in Energy and Environmental Design" 
(LEED). "THE VERSION 2.0" of LEED (LEED, 2001) is a check-list type rating system, which 
uses a simplified format that facilitates its use in the design process. The criteria in the system 
are linked to a series of e)dsting performance standards. 
The GRIP centre, funded by the Norwegian Ministry of Environment has developed a system 
called the "Eco-Profile" for buildings (Holm, 1998). The first version of the assessment method is 
developed for commercial buildings. A version for homes is under development at the present 
time. The "Eco-Profile" for buildings gave impulses to initiating a common environmental 
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assessment cooperation project for the Nordic countries, Viz., Norway, Sweden, Finland, 
Denmark and Iceland. Similar development projects are also going on in the Netherlands, Hong 
Kong and other counties. 
Uppiat and Boyles (2001) describe a tool for selecting cost effective green building products 
called the Building for Environmental and Economic Sustainability (BEES). According to them, the 
technique is based on consensus standards and designed to be practical, flexible, and 
transparent. Version 2.0 of the Windows-based decision support software, aimed at designers, 
builders, and product manufacturers, and includes actual environmental and economic 
performance data for 65 building products across a range of functional applications. BEES 
measures the environmental performance of building products using the environmental life cycle 
assessment approach specified in the Intemational Standards Organization OSO) 14040 series of 
standards. 
Applying the BEES approach leads to several general conclusions. First, environmental claims 
based on single attributes, e. g., recycling or reduced global warming alone, should be viewed 
with skepticism. These claims do not account for the fact that other impacts may indeed cause 
equal or greater damage. Second, assessments must always be quantified on a functional unit 
basis, such that the products being compared are true substitutes for one another. For example, 
one roof covering product may be environmentally superior to another on a kilog ram-for-kilog ram 
basis, but if that product requires twice the mass as the other to cover one square meter of roof, 
the results may reverse. Third, a product may contain a high4mpact constituent, but if that 
constituent is a small portion of an otherwise benign product, its significance decreases 
dramatically. Finally, a short-lived, low first-cost product is often not the cost effective alternative. 
In sum, the answers lie in the trade-offs. 
It is evident from the above discussion that most of the tools consider environmental impact 
assessment only. Therefbre, there is a need for developing a tool combining the three pillars of 
sustainability. Twad et al (1996) have developed a mathematical model for evaluating various 
alternative construction technologies. They have assumed one room of dimensions 3.5metres x 
3.5metres x 4.14metres constructed with one brick thickness wall. Their model includes low cost 
techniques, in which, the unit cost, labour intensity and C02 emission are calculated at three 
stages. The first stage is called *Primary Inputs', whose outputs are cement, brick, steel, 
aggregate, etc. The second stage is called "Intermediate Inputs', with outputs, such as, pre-cast 
hollow concrete blocks, stabilised mud blocks, etc. The third, Le., OFinal Inputs' lead to building 
construction as a complete product. 
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Tiwari et al's (1996) model assumes that low cost materials are essentially low C02 emission 
intensive. The objective function set by them is to minimise the cost of construction and labour 
cost and it does not include the issue Of C02 emission. Tiwad treats the effect Of C02 emission 
separately. The unit costs used in the model have been compiled from Delhi Schedule of 
Rates (1989) and books on estimation. The cost of low cost materials are compiled from various 
sources (not mentioned in the paper) and through personal discussions, which appears to be the 
weak point of the results of the exercise. The database used in the model is for new construction 
only. While this model has considered socio-economic and emission Of C02 in construction, it has 
several areas that needs further development For example it needs to consider the embodied 
energies of different types, i. e., non-renewable, renewable and waste, in the entire process of 
building construction. 
It is important to note that Cole and Mitchell (1999), in reviewing the Green Building Tool output 
profiles, observed that there is no consensus on what constitutes a "Green Building'. Existing 
assessment systems and the Green Building Tool system are helping to lead to an acceptable 
definition, but this will take time. In addition, Cole and Rousseau (1992) reports that, while 
environmental studies have produced considerable data on the environmental effects of the 
processes and materials associated with building construction, very little is available in a form, 
suitable for the design professionals. According to Kohler and LUtzkendorf (2002), designers, 
owners and developers of buildings have been demanding simplified ratings of building 
performance to identify 'green' buildings on the market. A number of available assessment tools 
(BRE, 1993) have delivered this function well for several years. They are, however, not well 
suited for the use of comprehensive planning teams during the various design phases. Crawley 
and Aho (1999), suggest that the central issue in mitigating environmental impact is the need for 
a practical and meaningful yardstick for measuring environmental performance, both in terms of 
identifying starting points and monitoring progress. 
In the context of environmental impact assessment, Steen (2001) thinks that a basic question 
'how do we define the environment and how do we see if it improves or degrades? " must be 
answered before any impact assessment can be made. Our conceptual understanding of 1he 
environment! and its values can be described through answering three questions. The first one is 
-what is included in our care fbrthe environment? The second one is - How do we make trade-off 
between different impacts? The third one is - How do we handle uncertainty? 
LESSONs LEARNT 
It may be reiterated that the above discussions show that the assessment methods are mostly on 
environmental sustainability, which may not be suitable in developing countries like India with 
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financial constraint and poverty indicated in the Tenth Five Year Plan (2002-2007). Todd and 
Geissler (1999) suggest that a regionally adaptable system that assesses the "green-nese of 
buildings while taking into account of the social and economic issues, begins to address the 
sustainability of buildings. Tiwarl et al's (1996) model does consider the socio-economic aspects, 
however, its environmental consideration is inadequate. As mentioned above, they did not 
consider the embodied energy. However, their model is perhaps one of the few which attempted 
sustainable social infrastructure development by considering some aspects of the socio-economy 
and environment. UNCHS (Habitat) (1991) report states that, unfortunately few developing 
countries have acquired the expertise or infrastructure to evaluate technological options, more so 
in basic building materials industries where traditional technologies still maintain a firm hold. Until 
recently, diffusion of new technologies has been mostly limited to cement and brick industries. 
This dissertation will attempt to develop an impact assessment tool based on the lessons leamt 
from the Green Building Challenge. It will also accept the Green building practice's assumption 
that, by continually improving the environmental performance of individual buildings, the collective 
reduction in resource use and ecological loadings by the building industry will be sufficient to fully 
address the environmental agenda. While evaluating the altemative construction systems, the 
impact assessment tool will attempt to combine the effects of the socio-economic and 
environmental aspects to arrive at trade-offs, as suggested by Uppiat and Boyles (2001). The 
assessment tool in this dissertation is based on Todd and Geissler's (1999) suggestion of 
considering the social and economic issues along with greenness of buildings. Tiwari et al's 
model will be used as a reference. Last but the most important suggestion adopted in the impact 
assessment tool is that, we should start slowly and with a less comprehensive approach, but with 
a set of core crfteda which can be extended as experience develops. 
The scale of impact has been assumed to be mostly at district level. It has been mentioned 
before that, according to Raynsford (1999), the issues like poverty, embodied energy and C02 
emission are both global and local. Theaker and Cole (2001) state that the initiatives and lessons 
demonstrated by local Government can affect the policies and programmes of larger 
Governments (a 'bottom-up' approach). Sustainability is local - the day-to-day experience of local 
Government gives a more intimate experience of local conditions. Politics is local - public 
concern and activism is more effective at the local scale. City and regional politics are more 
accountable, since politicians are closer to their electorate, accessible to citizens face-to-face, 
directly affected by citizen activism, and have a smaller remit than politicians in larger arenas. 
This dissertation shall, therefore, deal Wth sustainable social infrastructure development primarily 
from a local point of view (district level). 
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WEIGHTING 
According to Todd et al (2001), all the assessment systems use some form of weighting, even if it 
is 'no weighting', i. e. all weights are same. Weighting systems are fraught with difficulty since they 
cannot be accomplished with complete, or in some cases, any scientific objectivity 
(Todd et al 2001). Cole (1999) states that within the Green Building Challenge documentation a 
series of criteria were offered as a basis for developing appropriate weightngs. For example, is 
the effect upon the environment irreversible? Is the effect upon the environment long lasting? 
What numbers of people are affected by the issue covered within the sub criterion or criterion? 
Does the practice in question have momentum that will require an extraordinary effort to counter? 
While these four points show positive direction towards weighting calculation, Cole (1999) 
criticizes by saying that no clearly defined methodology has been proposed for their application. 
One criticism was that these recommendations mix the importance of a criterion or sub-criterion 
in terms of its effect on human health, wellbeing, or the environment with the difficulty of 
achieving ft. 
Cole and Mitchell (1999) state that Green Building Tool provides a performance scale for each 
assessed sub-criteda and criteria, using a consistent metric of - 2, to +5, with 0 representing 
typical practice for the building type in the particular region. A series of default requirements are 
provided to indicate the necessary performance needed to attain a given score. These default 
values and associated texts were a means of denoting the intention of the sub-criteria/criteria and 
it was anticipated that the decision makers would interpret them and, if necessary, change the 
default performance scale to reflect national and regional concerns and priorities. Cole and 
Mitchell (1999), state that a set of default weightings is incorporated in Green Building Tool to 
derive summary scores at the criteria, category or overall building level. For the main part, these 
default weightings are given equal value for all sub-criteria within a given criterion, and for all 
criteria sets constituting a given category. Exceptions to this general rule were made to reflect 
acknowledged issues such as the importance of annual operating energy compared to other life 
cycle stages, reuse of existing buildings, etc., each of which were given higher weightings within 
their respective sets. 
One of the widely used methods of weighting calculation is Analytical Hierarchical Process, which 
has been described as a comprehensive, logical and having structural framework in a report by 
"isnar" (no date). The prioritisation process is accompanied by assigning a number from a scale 
developed by Saaty (Nataraj, 2005) to represent the importance of the criteria as shown in the 
following table. 
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Table 2.3: Saaty's scale of importance of the criteria. 
Intensity of 
importance 
Definition Explanation 
1 Equal importance Two activities contribute equally to the objective 
3 Moderate importance Slightly favours one over another 
5 Essential or strong importance Strongly favours one over another 
7 Demonstrated importance Dominance of the demonstrated 
9 E)dreme importance Evidence favouring one over another of the highest 
possible order of affirmation. 
2,4,6,8 Intermediate values When a compromise is needed. 
source: Natarai czuu, -): j) 
If a decision maker believes that safety is far more important than aesthetics with respect to the 
goal, a weighting of 9 to safety expresses this judgement. Nataraj (2005) refers to Partovi (1994) 
and states that the Analytical Hierarchical Process, developed by Thomas Saaty can be used in 
making decisions that are complex, unstructured and contain multiple attributes. 
Kogelheide (2004) demonstrates the actor collaboration to prioritise objecbves in the 
development of a OSustainability Assessment Tool' for the context of Brownfield Regeneration. 
He shows that parlicipatory workshop is a key element of "Sustainability Assessment Tool", in 
which the actors assign weights on sustainability objectives to express their priorities by justifying, 
arguing, negotiating, understanding and learning. In that context, out of 34 objectives of the 
programme, II were weighted by the participatory process and the remaining 23 objectives are 
not weighted, e. g. compliance with European Union-standards on groundwater quality, emission 
controls, health and safety. Relevant actors were the site owner, investor, developer, local 
authorities, (regional / national authorities), quarter inhabitants, neighbourhood, associations, 
Non-Governmental Organisations, community based organisations and media representatives. 
One of the objectives of the Brownfield Regeneration Programme was to generate and safeguard 
employment and economic development. Based on the information of the regional employment 
situation, the parlicipants were asked - %vhich kind(s) of jobs should be created by the project? * 
the weighting question was - mAllocate your points to the following categories with regard to their 
importancen. This process appears to be a good model of beneficiary-participated weighting 
method and can influence project development from early stage by facilitating face-to-face 
communication between local authorities, planners and citizens. The process adopted in 
Brownfield regeneration was transparent, participatory and simple. 
Out of the methods of weighting discussed in this section, Saaty's method and Brownfield 
Regeneration experience appears to be simple and participatory by involving the end users. 
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Analytical hierarchical process is a convenient method; however, the results depend upon the 
way inquirer explains the method and also the level of understanding of the people taking part in 
it. One has to trial run Saaty's method in the current domain of research by involving several 
groups of people to make the results reliable. Therefore, it appears that proper justice in this 
regard cannot be done in this dissertation. 
The Brownfield Regeneration experience suggests that the process of prioritising the objectives in 
sustainability assessment tool can be understood by the stakeholders. However, Steen (2001) 
refers to Fallenius et al (1997) and states that investigations show that ordinary consumers have 
a very limited ability of understanding complex environmental information. The field experience in 
Orissa and Andhra Pradesh, where community based healthcare and primary education 
infrastructure were constructed, reveal that Steen's observation is valid in rural India. While 
Brownfield Regeneration appears to have made the process suitable to the beneficiaries, at this 
point it appears that one needs further research in weighting. This dissertation is an attempt to 
develop an impact assessment tool and the issue of weighting is beyond its scope. This 
dissertation will carry out a limited study on how the weights affect the results of the impact 
assessment tools, which is shown in chapter 12. 
2.6 PREMISE OF SUSTAINABLE CONSTRUCTION IN INDIA 
The above discussion has identified the domain of sustainable social infrastructure in rural India, 
viz., lowering unit cost of construction, increasing construction-related employment opportunities, 
minimising embodied energy and emission Of C02. Therefore, the next step is development of an 
impact assessment tool. It may be reasonable to assume that sustainable social infrastructure 
development in India should ideally be based on life cycle impact assessment of the construction 
technologies. However, it is equally important to show that assessment tool based on data of new 
construction is inadequate. Therefore, the tool should be able to demonstrate the impacts of new 
construction and also the life cycle implications for comparison. The impact assessment tool will 
be based on the following. 
1. Use of cost effective construction technologies to reduce the unit cost of construction, which 
will enable us to build more floor space within the resources. 
2. Use of labour-intensive technologies to help in reducing poverty. 
I Use of local materials to increase income-multiplier effect to appro)dmately two. 
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4. Ensure that the materials and methods of construction do not recklessly deplete the natural 
resources by; 
adopting technologies that use materials of low embodied non-renewable and renewable 
energies. 
preferring renewable energy over the non-renewable. 
encouraging those technologies which are based on industrial and agricultural waste 
5. Technologies that have the lowest C02 emissions. 
6. Social infrastructure development programmes should be community centred. 
7. The Govemment should assess impact of every project for sustainability. 
Considering the seven points, an irnpact assessment tool will be developed in the context of India 
to enable the decision makers to make an informed choice about technologies for sustainable 
social infrastructure construction. The assessment tool in the context of social infrastructure 
development in India is very important since the construction requirements for its more than one 
billion population is high. Therefore, at this point it is necessary to have an idea on the magnitude 
of social infrastructure needs in India based on available data in this regard. The next chapter 
cardes out this calculation. 
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CHAPTER 3 THE SOCIAL INFRASTRUCTURE NEEDS 
3.1 THE CONTEXT 
260 million people In India did not have incomes to access a consumption basket which defines the 
poverty line (Tenth Five Year Plan, 2002-2007). In India, this line is drawn at the level of income 
assumed to be necessary to provide individuals living in rural and urban areas, a daily calorie intake 
of 2,400 and 2,100, respectively, in addition to basic non-fbod items. Apart from that households 
who do not have any of the following, is taken to be below poverty line: operating more than 2 
hectares land, have pucca house, any member of family earning Rs2O, OOO (E250) (or above) per 
annum, household owning any of the following: TV, refrigerator, ceiling fan , motorcycle / 
scooter, Three wheeler, Tractor, Power tiller, Combined thrasher/harvester (Frequently Asked 
Questons, no date). 
Of the 260 million poor people in India, 75% are in the rural areas. The Tenth Five Year Plan 
(2002-07) reports that India is a home to 22% of the world's poor. It also states that such a high 
incidence of poverty is a matter of concern and hence, poverty eradication has been one of the 
major objectives of the development planning process. Apart from the low level of income of the 
people, their living conditions are poor and the existing infrastructure is also inadequate. Because 
of poverty, poor people cannot maintain their shelters neither they can afford to build a permanent 
house. The Government is also unable to provide basic minimum services such as primary 
education and primary healthcare infrastructure to all its citizens owing to fund constraints. 
Presently, the main focus of the ninth and tenth five year plan have been poverty alleviation and 
facilitating the poor people an access to shelter, primary education and primary healthcare 
facilities. Under such circumstances, there is a need for integrating the issues of poverty and the 
basic minimum services in the social infrastructure development programmes. While low unit cost 
of construction should be the first choice, the Government should alsoview infrastructure supply as 
an opportunity for employment generation. However, to carry that out one should know the extent 
of infrastructure requirements in India. 
Overthe last few centuries, India's population has increased phenomenally and the majority lives in 
the rural areas. Table 3.1 shows the population statistics of a few selected countries. It may be 
noted that while China has the world's highest population, the population density in India is 2.34 
times more than that of the former. 
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Table 3.1: Population of the three most populous countries. 
Sl 
no 
Country Reference 
date 
Population 
in million 
Area in 
- sq. km 
Density of 
Population/ sq. km 
1 China 2000 1,277.60 9,560,900 133.63 
2 India 2001 1,027.00 3,287,263 312.42 
3 U. SA 
11 
2000 281.40 
1 
9,809,386 28.69 
11 
bource: t; ensus oT inaia (zuui), voiume-i, v-ew 
As one would expect, the basic minimum services, i. e., shelter, primary healthcare building, 
primary school required for a vast country like India is huge. Maintenance of such facilities is also 
equally difficult owing to the scarcity of resources. The Government of India, through its various 
programmes, has been trying to provide the basic minumurn services to all (Ninth Five Year Plan, 
1997-2002). 
Data on the shortfall of social infrastructure under basic minumum services is available in the Tenth 
Five Year Plan (2002-07), Census of India (2001), the National Building Organisation (NBO, 1996), 
the Building Materials and technology Promotion Council and Symbiosis of Technology, 
Environment and Management's data (BMTPC and STEM, 2000), Housing condition in India (2004) 
and Tenth Five Year Plan (2002-2007). Based on these sources of data, this section will focus on 
the shortfall of the primary education, primary health and education and housing to have an idea on 
the immediate financial requirement in this regard. While the title of the dissertation indicates that 
primary education is the focus; primary health and housing have also been included in this chapter 
for the purpose of estimating the cost of supplying basic minimum services. It may be noted that 
while examining the different construction technologies under the Andhra Pradesh Primary 
Education Project most of the options available were from the housing sector. As mentioned in 
chapter 2, the Orissa health project was a direct influence of Andhra Pradesh Primary Education 
Project. Therefore, while the dissertation will be based on the experience and database on primary 
schools, it will also benefit the primary healthcare and housing sectors. The following paragraphs 
will investigate the shortfall of all three categories under the basic minimum services. 
One of the critical issues in such calculation is the data source. While, there are several sources, 
the emphasis in this dissertation has primarily been on the Government published database, e. g., 
Census of India (2001), the National Building Organisation (NBO, 1996), the Building Materials and 
technology Promotion Council and Symbiosis of Technology, Environment and Management's 
data (BMTPC and STEM, 2000), Housing condition in India (2004) and Tenth Five Year Plan 
(2002-2007). Year 2002 has been taken as the baseline since that is the starting point of the Tenth 
five year plan. 
76 
3.2 NEEDS IN THE PRIMARY EDUCATION SECTOR 
The national norm for primary education is to supply a two classroom unit for settlements having at 
least 300 people and no school within I kilometre (Govinda, 2002). The national norm for the 
minimum area of a school campus is I acre. Apart from that, each school should have toilets and 
drinking water according to the national standards. There are many settlements in India where the 
number of classrooms in a primary school is at least five with a teachers' room. Therefore, the 
realistic calculation of a new school complex is quite huge. In general there is a shortage of funds 
for maintenance of the existing school buildings. The Government schools are owned by the 
Education Department and the responsibility for maintenance is delegated to the Works 
Department Panchayati Raj Institutions, District Rural Development Agency, etc. The emphasis on 
the school maintenance is quite poor and, socio-politically, new construction is preferred owing to 
its visible impact to the common people. 
Primary education had been a major priority area during the Ninth Five Year Plan (1997-2002). It 
was envisaged that there will be an additional enrolement of 25 million children at lower primary 
level and 16 million at upper primary level. 75,000 additional classroornst schools will be 
constructed at elementary level (Ninth Five Year Plan, 1997-2002). This is under the assumption 
thatthe existing schools would accommodate some of the additional learners. However, the Ninth 
Plan does not cite any reference in support of this assumption. 
A conventional method that is frequently used in planning is to work with figures available from 
official educational records, viz., gross enrolment ratio and net enrolment ratios. This estimation 
differs widely as evident in Table 32. 
Table 3.2: The estimate of out-of-school children in India from different sources. 
Description Source No. in million 
1 6-14 years'out of school children Census of India, 1991 75A 
2 6-14 years'out of school children Saikia committee, 1997 63 
3 Children engaged in full time work as 
child labourers 
National Herald, 2 Jan. 
1997 
60 
4 Child Labour working 12 hours a day on 
an average 
CACL (The Campaign 
Against Child Labour) 
70-80 
_5 
Bonded child labourer (forced to work) Bandhua Mukfi Morcha 65 
ouurce. jain ei ai, (, evuz), i aDie 4.1, F--bb 
The discrepancies in the numbers of out of school children assume confusing proportions when the 
calculations are made on the basis of statistics of child labourers in India. Jain et al (2002) refer to 
Jagannathan (1999) and state that, despite 150 million children being enrolled in 800,000 schools 
that provide primary education (within aI kilometre) to the children in 95 % of the country, 350 
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million children remain out of school and an equal number do not complete even five years of 
schooling. To accommodate 350 million children one needs 8.75 million classrooms, which is a 
huge figure. Govinda (2002) estimated that the number of children not going to schools was 40 
million in the year 2000. This would require 1 million additional classrooms to accommodate them 
based on the national standard of 40 children per classroom. 
According to the Tenth Five Year Plan, out of approximately 200 million children in the age group 
6-14 years, only 120 million are in the schools. Therefore, to facilitate primary education for the 80 
million out-of-school children, there is a need for 2 million classrooms according to the national 
standard of 40 children per class. The carpet area of a classroom for 40 children, based on the 
national standard of 0.74 square metre per leamer, is 29.6 square metre. Assuming a 230 mm 
thick brick wall, the covered area of a classroom is 35.52 square metre. The financial requirement 
for constructing 2 million such classrooms has been based on the construction cost of rural houses, 
which is Rs. 2,837 (E35.5) per square metre (Housing Condition in India, 2002: 51). It is a 
reasonable assumption since most of the schools under this category are in the rural areas and the 
specifications are similar. Based on the covered area of 35.52 square metre and unit cost of 
Rs2,837 per square metre, the total financial requirements for clearing the primary education 
backlog in India is Rs. 202 billion (E2.53 Ullion) to achieve the goal of providing access to all the 
children aged between 6-14 years. However, this calculation does not include the needs for 
additional rooms in overcrowded schools, schools run in rented premises and repair of dilapidated 
schools. 
3.3 NEEDS IN THE RURAL PRIMARY HEALTH SECTOR 
During the sixth five-year plan the national norm for a three ter rural primary healthcare 
infrastructure consisting of the Sub-Centre, Primary Health Centre and the Community Health 
Centre were evolved. While the sixth and seventh plan witnessed major expansion of the rural 
healthcare infrastructure, the Eight Plan concentrated on the efforts on development, consolidation 
and strengthening of the existing healthcare infrastructure to bring about improvement in quality 
and outreach the services. Ninth Five Year Plan (1997-2002) states that the national norm for a 
Sub-Centre vary between 3000-5000 population depending upon terrain and location; on similar 
considerations the norm for a Primary Health Centre is 20,000-30,000 and for every four Primary 
Health Centres; there should be one Community Health Centre. In accordance with the national 
norms, the requirements for population of 1991 are 134,108 Sub-Centre, 22,349 Primary Health 
Centre and 5,587 Community Health Centre. According to Ninth Plan, the corresponding shortfall 
were 1378 Sub-Centres, 495 Primary Health Centres and 3163 Community Health Centres and 
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the estimated expenditure was Rs. 70 (EO. 88) billion (Ninth Five-Year Plan, 1997-2002 "405). 
According to the Tenth Plan, 8,181 Sub-Centres, 1,714 Primary Health Centre and 2,562 
Community Health Centres were required (Table 3.3) in 2001. In this section, sub-centre and 
primary healthcare facilities only will be considered under basic minimum services since without 
them, people living in the physically isolated villages due to bad access roads, etc., are the most 
vulnerable ones. 
Table 3.3 Shows the rural healthcare infrastructure in India. 
Sub centres Primary Heafth Centres Community Heafth 
Centre 
Required Goal for the Required Goal For the Required Goal Forthe 
1991 1e Plan 1991 10th Plan 1991 le Plan 
Total , 134,108 8,181 22349 1,714 5,587 2,562 Source: Tenth Five Year Plan (2002-2007: 147); Figures on shortfall are as on 31.3.2001; based on Health 
Information of India, ISM&H in India and D/O Family Weffare; figures are provisional 
The unit rate for construction of healthcare facilities is higher than house construction since the 
former has superior specifications and needs facilities such as supply of hot water, lighting for the 
operating theatre, etc. However, there is a wide variation of unit costs of healthcare building 
construction across the country and no reliable nabonal average is available in this regard. 
Therefore, the cost of house construction (rupees per square metre) in the urban areas has been 
used for calculating the financial requirements to supply the required number of sub-centres and 
primary health centres according to the Tenth Five Year Plan, which is shown in Table 3.4. 
Table 3.4 The total financial requirements of the sub-centre and pdmary health centre backlog. 
Calculations based on the unit cost house construction in urban areas Ms. 80 = El I 
Number Covered area/ Total covered Unit cost Total 
of units unit area (Rs. Per amount 
(square metre) (square metre) square rnetre) (billion Rs. ) 
Sub-centre 8181 70* 572,670 4853** 2.80 
Primary 
health centre 
1714 
I 
280* 
II 
479,920 
I 
4853** 
I 
2.33 
Total amount of money required to clear the backlog 5.13 
oumue -- tuas, i tpvv:. x)), -- mousing L; onaruon in inaia (zuu4), btatemenizu, v- ol 
The covered areas of the sub-centre and the primary health centre have been based on the 
DFID-funded Orissa health project (Das, 1999). These figures exclude repair of the existing 
helathcare facilities and also small isolated villages having population less than 3,000. 
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3.4 NEEDS IN THE HOUSING SECTOR 
Shelter for the poor has been a high priority of the Government of India. A programme called Indira 
Awas YOjna was initiated in 1985-86 by the Central Government, which aimed to provide free 
housing to the Below Poverty Line families in the rural areas. It targeted the Schedule 
Caste/Schedule Tribe households and freed bonded labourers. An evaluation of the Indira Awas 
Yojana reveals that the coverage of the beneficiaries has been limited owing to the resource 
constraints. The Government has been trying to provide shelters to its citizens. According to the 
Ninth (1997-2002) and Tenth Five Year plans (2002-07) Government of India has housing supply 
programmes such as credit-curn subsidy, Samagra Awas Yojna (Shelter for all), etc. Let us now 
examine the housing shortfall based on 2001 Census. 
Before taking up the need assessment of housing, it is important to know the commonly accepted 
terms to understand the different types of shelters. According to the Tenth Five Year Plan, the 
existing housing stock in India is categorised into four, viz., Pucca, SemWucca, Kutcha, 
Non-serviceable kutcha units. The pucca structures are those having walls and roof (at least) made 
of materials such as cement concrete, oven bricks, stone, stone blocks, jackboards; (cement 
plastered reeds), iron and other metal sheeting, Umber, tiles, slate, corrugated iron, zinc or other 
metal sheets, asbestos cement sheet, etc. The Kutcha structures have walls and roof made of 
un-burnt bricks, bamboo, mud, grass, leaves, reeds and/or other thatch. Most of the remaining 
houses are put under semi pucca units, in which, the walls are pucca and the rooft are kutcha. 
However, taking into account of the stage of dilapidation and repairs, those units having both 
kutcha walls and roofs have been classified as non-serviceable kutcha units. 
It is important to now look at the present housing situation. It may be noted that there are several 
sources of estimates for the housing shortage in India, which vary from each other owing to the 
differences in assumpfions and methods of calculations. National Building Organisation's 
Handbook of Housing Statistics Part-1, (NBO, 1996) and Building Materials and Technology 
Promotion Council and Symbiosis of Technology, Environment and Management (BMTPC, STEM, 
2000) are some of the sources which provide data on housing in India. In this chapter we shall 
adoptthe data on the housing needs based on the latest source; Housing Condition in India (2004) 
published by the Ministry of Statistics and Programme Implementation, Government of India. It is a 
detailed document that explains the process of sampling and surveying and hence, the following 
need assessment of housing has been based on this. 
The average number of household members is 5.15 in rural areas and 4A7 in urban areas. Out of 
every 100 structures surveyed, 19 in rural areas and 11 in urban areas are in bad condition and 
80 
required immediate major repair, which is about thirty percent of the total housing stock in India. 
The survey recorded that a rural household, on an average, spent about Rs. 113,000 (E1,413) in 
constructing a new pucca house, which has an average floor area of 42 square metres (Housing 
Condition in India, 2004: 50). The cost of repair of a pucca house in the rural areas with an average 
floor area of 29 square metre is about Rs. 21,000 (E263). The households living in urban areas 
other than the slums, on an average, spent about Rs. 263,000 (E3,288) to construct a new pucca 
dwelling unit, which has an average floor area of 53 square metres (Housing Condition in India, 
2004: 50). According to the survey data, more than 70% of the expenses were on materials alone 
in all types of structures. Another 21% of the expenses were for the labour involved in the 
construction 
During the survey, it has been observed that almost all households (99.91 %) had some kind of 
dwelling unit for living and the proportions of households which did not have a dwelling unit for living 
was 0,09%. They lived under bridges, in pipes, under staircase, by the roadsides, etc., which are 
liable to be removed at any moment. From the description it appears that most of these people live 
in the urban areas. There is no data on the household size of these people in the Housing Condition 
in India (2004). However, by assuming the urban average of 4.47 persons per household it can be 
said that 921,114 shelter less people will need 206,066 dwelling units. This is an approximation 
since the average household may be smaller than this figure. The following paragraphs analyse the 
housing conditions in India based on the Ministry of Statistics' report published in March 2004 
(Housing Condition in India, 2004). 
Figure 3-1 The percentage distribution of households with dwelling units by type of structure 
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The Figure 3-1 shows that 6% of the houses in the rural areas is un-serviceable kutcha, 15% is 
serviceable kutcha and 43% are serni-pucca against only 36% of pucca houses. In contrast, 77% of 
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pucca serrý-pucca serviceable un-serviceable 
type of structure kutcha kutcha 
the total urban dwelling units are pucca and only 1% is un-serviceabel kutcha. In terms of the actual 
numbers, 31.44 million houses (21.99+9.45) in the rural areas are kutcha and unserviceable 
kutcha as shown in Table 3.5. The percentage of pucca and semi pucca housing stock has 
increased from 1996 to 2002 (Table 3.5). 
Tnhip *1 1; Thp rhnnnp in npri-pnt:; np nf MI fmir mtpooripq nf -drticturps hptween 1996 and 2002. 
NBO 1996 2002 1 
Dwelling units in millions 
Dwellin 
mil 
g units in 
lions 
% increase or 
decrease 
Structure type Urban Rural Urban Rural Urban Rural 
Pucca 28.73 34.11 44.92 53.06 36.04 35.72 
Semi-pucca 6.99 39.80 11.63 63.38 39.90 37.20 
serviceable 
kutcha 3.80 37.07 1.40 21.99 -171.34 -68.61 
un-serviceable 
kutcha 1.14 10.30 0.50 9.45 -128.83 -8.94 
not reported 
Not 
mentioned 
Not 
mentioned 0.07 0.17 
Total 58.52 148.05 
Source: Based on NBO (1996), 
P 64-68 
Source: Based on Housing Condition in India, 
1 (2004), P-A-76 
From the above table it is apparent that the main area of concern is the unserviceable kutcha in the 
rural areas where the percentage decrease is 8.94 only. Although the serviceable kutcha has been 
reduced by about 68 % in rural areas, R is still very high ( about 22 million). At this point it may be 
important to look at the cost of construction of the different types of structures. Figure 3-2 shows the 
construction costs per unit floor area. 
Figure 3-2: The mean cost (rupees per square metre) of completely constructed new building 
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The mean unit cost of construction in the rural areas is Rs. 2,837 (E35.5) per square metre, which is 
Rs. 4,853 (E60.7) per square metre in urban areas (Housing Consition in India, 2004: 51). Such 
differences in unit cost of construction are primarily owing to the difference in specifications of the 
walls and roofs, e. g., 12 million (21 %) dwellings in the urban areas have mosaic floor as against 4 
million (3%) in the rural areas (Figure 3-3). 
In the context of housing in India, one would certainly like to know the shortage in dwelling units for 
the households. However, it may be more realistic to calcute the financial implications to bring the 
dwelling uints to the standard of pucca structure as defined by the Tenth Five Year Plan. Field 
experience of Andhra Pradesh Primary Education Project and Orissa Health Project revealed that 
people aspire to have a pucca structure and preferably a reinforced cement concrete roof. The 
follovAng paragraphs describe the conditions of the existing housing stock's flooring, walling and 
roofing systems. There is no information on the type or condition of the foundations and hence, it 
has been excluded from the discussion. 
Figure 3-3 The percentage of households by floor type of the dwelling unit; all states and union 
territories of India. 
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Figure 3-3 shows that the pucca floors have a wide range. The concept of pucca floor varies from 
region to region. For example, in Andhra Pradesh, stone floor is considered to be permanent and 
more acceptable than the cement based floors. By and large terrazzo flooring is considered to be a 
status symbol in the rural areas. Figure 3-3 shows that a majority of the dwelling units in the rural 
areas have mud floors. About 64.5% (64.1%+0.4%) of the rural dwellings and 13.1% (13% + 0.1 %) 
of the urban dwellings have kutcha floors. In terms of numbers, about 95 million dwellings in rural 
areas and 8 million dwellings in the urban areas have kutcha floors. 
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Figure 3-4 The percentage of households by wall type of the dwelling unit: Urban + Rural. 
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Figure 3-4 shows that many people in India live in shacks. By adding the values of the bars 
representing rural areas in the domain of kutcha materials in Figure 3-4, it is found that 
47.3% (9.8+36.3+0.1+1.1) of the dwelling units in rural areas have kutcha wall. In the urban areas 
10.2% (22+7.6+0.1+0.3) walls are kutcha. 
Figure 3-5 The percentage of households by roof type of the dwelling units: All India Urban + Rural 
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Similarly, by adding the values of the bars representing rural areas in the domain of kutcha 
materials in Figure 3-5, it is found that 25.5% (20.1+3.5+0.2+1.7) of the rural dwellings have kutcha 
roof. In the urban areas 5.3% (3.9+0.7+0.3+0.4) roofs are kutcha. 
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Table 3.6 The overall requirement of upgrading the dwelling units in India to bring them to the level 
nf nj irr-A tarrnrylinn fn tha (anci ic r1afinifinn 
Households having dwelling Urban (households) Rural (households) 
units with kutcha Numbers (million) Numbers (million) 
Floors 7.7(13.1%) 95.50 (64.5%) 
walls 6.0(102%) 70.03 (47.3%) 
Roofs 3.1(5.3%) 37.80 (25.5%) 
There is no information on condition of foundation, which was not possible to ascertain during the 
survey given the time, human resources requirements and costs. The estimated numbers of 
houses in urban and rural areas are 148.05 and 58.52 million respectively (Housing Condition in 
India, 2004: A76). By multiplying the percentages of the kutcha floor, wall and roof (described 
above) to be upgraded with 148.05 and 58.52, the final quantifies have been calculated and shown 
in Table 3.6. The replacement cost has been calculated by assuming that each household lives in 
35 square metre in rural areas and 43 square metre in urban areas and the average costs of such 
units have been Rs. 73,000 (E913) and Rs. 191,000 (E2,388) (Housing Condition in India, 2004: 52, 
53). To have a very approximate estimation, it has been assumed thatthe replacementcost of roof, 
wall and floor finish will be 35%, 23% and 13% respectively of total cost as shown in section 5.3.1 of 
chapter 5 on Andhra Pradesh Primary Education Project. The dwelling units for the shelter less 
people, i. e., 0.091 % of the total population are to be built in the urban areas (as explained before). 
The average urban household size being 4.47, the total number of dwelling units for the shelter less 
people would be 206,066. The following table shows the financial requirements in housing sector. 
Table 3.7 The financial requirements in the housing sector based on Housing Condition in India 
t2nnm PqzRn= vi 
In billion ru pees 
Description Rural Urban Total 
New houses for homeless people 0 39 39 
Replacing kutcha roofs 965 207 1,172 
Replacing kutcha walls 1,176 262 1,438 
Replacement of floors 906 190 1,096 
1 Total 3,745 
The maintenance requirements of primary schools and primary healthcare are not available. 
Although there is a detail information on the physical condition of the houses in India, the 
maintenance requirement has been excluded in this chapter to maintain consistency with the 
primary education and primary healthcare. Therefore, the bare minimum financial requirements in 
the field of primary education , primary health care and housing according to the Tenth Five Year 
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Plan (2002-2007) and Housing Condifion in India (2004) are as follows. 
Table 3.8: The approximate immediate need for Basic Minimum Services 
Sl no Description Requirement 
(billion rupees) 
% of total 
1 Housing 3,745.00 94.76 
2 Primary Education 202.00 5.11 
3 Primary Health care 5.13 0.13 
Total 3,952.13 
-- m= Hs. tju, i. e., E49.41 union (2UU4) 
Table 3.8 shows that the share of financial requirements of housing in basic minimum services is 
94.76% followed by primary education with a huge difference of 89.65%. The Government of India 
has the provider's role in primary education since it is bound by the Constitution, which says that 
every child/citizen of this country has a right to free education until (s)he completes the age of 14 
years (Ninth Five Year Plan, 1997). In a similar manner, primary healthcare is a Government's 
responsibility. However, in housing, the subsidy has not worked well since the coverage of the 
beneficiaries has been limited owing to the resource constraints; there has been high level of 
leakages with a large number of non-eligible beneficiaries getfing houses and also owing to the fact 
that houses were provided free of cost had dampened the motivation of making houses under their 
own initiative. Considering the enormity of the financial requirement in housing, Government can 
act as a facilitator by framing pro-poor strategies by exploring possibilities of increasing income at 
household level. 
3.6 SUMMARY 
It may be noted that the Ninth Five Year Plan (1997-2005) aimed at supplying the basic minimum 
servisces, i. e., primary school, housing and primary healthcare building as a top priority in 
development. This could not be attained with the Ninth Plan period and hence, the Tenth Five Year 
Plan (2002-2007) also assigns a high priority to complete the unfinished target of the Ninth Five 
Year Plan. The appro)dmate total investment forjust the basic minimum services is Rs. 3,952 billion 
(E49.4 billion), which is 6.5 times the investment requirements of 610 billion rupees (E7.63 billion) in 
the construction sector (Tenth Plan, 2002-2007: 39) at 2001-2002 prices. The required amount of 
Rs. 3,952 billion is 17.4 % of the GDP (2001-2002, projected) which is Rs22,719 billion (E 284 
billion) (BMTPC & STEM, 2000, Table 3.3). The estimated financial requirement for providing the 
basic minimum services does not include the recurring maintenance cost of the eAsting 
infrastructure. Neither does it consider the deteriorated buildings that are structurally unsafe due to 
86 
poor maintenance and ageing. The calculations have not considered the financial requirements on 
infrastructure repair and replacement owing to the natural disasters such as earthquake, flood and 
cyclone, which have been observed to occur quite frequently in the last few years. 
The calculation carded out in this chapter shows that the financial requirement to clear the backlog 
of basic minimum services is huge and hence, its implications on socio-economy and environment 
should be examined. In the light of the discussions on sustainability in chapter 2, the investment of 
3,952 billion rupees may be viewed as an opportunity for enhancing employment generation by 
adopting labour4ntensive technologies. This will partially address the issue of poverty alleviation, 
the goal I of the Millennium Development Goals. In addition to that, the use of locally available 
materials and methods of construction should also be considered to increase the income multiplier 
effect discussed in chapter 2. It may be noted that, there is a relationship between construction 
activity, economic growth and economic development According to Crosthwafte (2000) Asia is the 
largest regional construction market in the world. In addition, the Asian region has the largest share 
of GDP devoted to construction spending. 
However, it is important to note that construction materials and technologies deplete natural 
resources and emit Green House Gas, if produced by burning fossil fuel. Agenda 21, discussed in 
chapter 2, suggests that while all States and all people should cooperate in eradicating poverty as 
an indispensable requirement for sustainable development, there is a need for assessing the 
human impacts on the environment. Therefore, an investment of 3,952 billion rupees in basic 
minimum services should be examined as an opportunity for adopting cost effective techniques, 
employment generation and also as a threat to the environment in terms of depletion of energy and 
emission Of C02- 
It is important that the decision makers know the quantitative aspects of socio-economic and 
environmenatl impacts of the investment on social infrastructure, so that they can make an 
informed choice. It may be noted that the cost estimates in this chaper are based on conventional 
method of cement and steel-intensive systems. Therefore, there is a need fbr exploring if there are 
ways of cost reduction that is labour4ntensive, low embodied energy4ntensive with low emission 
level. Therefore, the next chapter will explore the possibilities of delivering the basic minimum 
services in the light of international guidelines on sustainable social infrastructure development 
discussed in chapter 2. 
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CHAPTER 4: SUSTAINABLE SOCIAL INFRASTRUCTURE 
DEVELOPMENT: THE CONTEXT 
4.1. SUSTAINABLE CONSTRUCTION 
In view of the huge financial requirements of supplying adequate infrastructure under the basic 
minimum services, one can wonder how the Government of India will solve this problem. It is now 
generally recognized that Government, in the past, tended to take on too many responsibilities, 
imposing severe strains on its limited financial and administrative capabilities and also stifling 
individual initiative (Tenth Five Year Plan, 2002-07). In this context it may be noted that according 
to the Tenth Plan, India's external debt was US $93.53 billion at the end of March 1998. Therefore, 
there is an urgent need of a search for cost effective construction technologies to reduce the cost of 
basic minimum services. 
One of the reasons for this situation in India may be the huge population increase, which has also 
increased human activities. Such increased human activities, if not controlled, may take us close to 
the *carrying capacity". Bartlett (1998) refers to Giampietro et at (1992) and explains that the term 
"carrying capacity" refers to the limit of the number of humans the earth can support in the long term 
without damage to the environment. As described in chapter 2, Harrnaajgrvi (2000) suggests thatto 
avoid this, there is a dire need for a conscious effort towards reducing the rates of consumption of 
resources in the context of the social infrastructure. This may be done by adopting less 
material-intensive systems for construction compared to the conventional cement and steel based 
systems, which have about 73% of total cost as material costs (Figure 4-1). There is also a need for 
low embodied energy4ntensive materials and construction technologies that emit less pollutant to 
the environment. Therefore, Harmaajarvi's suggestion will not only reduce cost of construction, it 
will deplete less quantity of natural resources and also emit less pollutants compared to the 
conventional systems based on cement and steel. These actions will help in achieving sustainable 
development in India. 
The problem of population increase, poor living condition of the people, inability to pay for the 
primary healthcare and education are all connected with the poverty of the people. It is estimated 
that in 2012, about 130 million people will be below the poverty line in India (Tenth Five Year Plan, 
2002-2007). Every effort, therefore, needs to be made to reduce the poverty rate even faster than 
at present. According to the Tenth Plan, a target of creating 100 million employment opportunities 
over the next ten years has also been announced by the Prime Minister and based on that the 
immediate goal is to create 50 million employment opportunities during the next five years 
(2002-2007). Under such circumstances, it is important to search for construction technologies, 
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which are more labour4ntensive than the conventional cement and steel based systems. This 
approach, along with Harmaajgrvi's suggestion may lead to sustainable social infrastructure in 
India. Thisfits into the domain of "Sustainability" described in chapter2 based on a detail literature 
review on how sustainability has been interpreted by the researchers, international agencies and 
institutions. All these lead to the need for assessing the impacts of different options of construction 
technologies on the socio-economic and environmental aspects in a particular context of social 
infrastructure development. The key to the success lies in the trade-off among the three pillars of 
sustainability, viz., social, economy and environment. It is importantto mention atthis point that the 
impact assessment in this dissertation will be carded out at local level and the reason for this has 
been discussed below. 
4.2. IMPACTS OF CONSTRUCTION AT LOCAL LEVEL 
Between 1995 and 1997, resource mapping exercises were carded out in Orissa, Bihar, Andhra 
Pradesh, Uttar Pradesh, etc. (Das, 1997), which revealed thatthe rural people, traditionally, prefer 
to stay mostly within the district boundary. The poor conditions of roads and lack of adequate 
transportation are also partially responsible for this. Their social and income generation activities 
are also usually confined within the district. Apart from that the major administrative levels in India 
are National, State and District. In this system, district is the lowest level of financial and 
administrative control in the Government system. We shall, therefore, examine the impact of 
construction within the domain of a district This approach has been inspired by Theaker and 
Cole's (2001) statement that, sustainability is local - the day-to-day experience of local 
Government gives a more intimate experience of local conditions. Impacts of the districts could be 
assessed at the state levels, which will enable the national level to understand the impacts at 
regional level. It may be noted that some of the issues such as local materials and labour intensity 
have pronounced effect at local level, whereas emission Of C02 and depletion of non-renewable 
and renewable energy have global impacts. 
Districts in India are usually in the rural areas. It may be reiterated that, according to the Census of 
India (2001), urban areas are those places that fall under administrative limits of municipal 
corporation, municipalities, etc., or have a population of at least 5,000 and have at least 75% male 
working population engaged in non-agricultural income pursuits and have a population density of at 
least 400 per square kilometre. Rural India comprises all places that are not urban. 
Let us now look into the relation between construction and the three pillars of sustainability in Indian 
context. The following section is a detail discussion on the socio-economic and environmental 
impacts of construction resulting from the current demand for of building materials. 
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4.2.1. Socio-economy 
LoCAL MATERIALS 
Construction activities generally require materials, human resources and equipment. The materials 
may be local, industrially produced (cement, steel) and brought from a distance by road 
transportation or it may be imported. The following table shows the general trend of break up of 
construction cost in India. Table 4.1 shows that the material component is 58-60% whereas the 
la bou r component is 11 -13%. 
Table 4.1 Construction Costs (national average) in India 
Materials 
% 
Construction 
Equipment % 
Labour% Finance 
% 
Enabling 
Expenses% 
Admin 
Expenses % 
Surplus % 
58-60 4.5 11-13 7-8 5.5-6.5 3.5-4.5 5-6 
z: iource: uonstruction industry Uevelopment (; ouncil 6urvey as sited in the Tenth Five Year Plan (2002 : 841, 
table no-7.7.1) 
However, in general, 72.9% of the total investment in a rural pucca (permanent) house construction 
is spent on materials (Figure 4-1). It may also be noted that the other expenses shown in the first 
bar from the left in Figure 4-1 is 6.4%, which is about 26% (4.5+7+5.5+3.5+5) in Table 4.1. This 
variation may be attributed to the fact that the rural poor adopt manual process of construction (Das, 
1999) thus reducing the expenses on equipment and the other components shown in the Table 4.1. 
Figure 4-1 The percentage distribution of materials, labour and other incidental costs of new 
construction in Urban and Rural areas (housing sector). 
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60 
40 
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Source: based on Housing Condibon in India, 2004, the statement 33, p-57. 
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Let us now examine how the material component in construction can be regulated. If locally 
available materials, e. g., brick, stone, clay tile, etc., are used in the construction, the investment on 
them will benefit the local material suppliers. In Ranga Reddy district of Andhra Pradesh the unit 
cost of a steel and cement-intensive building was Rs. 2,146 (E26.83) per square metre in 1995-96. 
Out of that Rs. 701 (E8.8) per square metre was retained within the district which is 33% of the total 
cost. Therefore, 67% of total investment on construction in that village of Ranga Reddy districtwent 
to the industrialists and also the industry's workers. If imported materials were used in construction, 
some amount of money would have gone out of the country. Therefore, use of locally available 
materials will benefit the local people. On this issue, one may argue that cement and steel are 
creating employment for some people, somewhere within the country. However, that is a separate 
subject of research and hence, this dissertation adopts the UNCHSALO (1995) suggestion of 
increasing employment and income-generating opportunities as a major consideration in the 
development such as shelter delivery. It may be noted that the National Housing and Habitat Policy 
(NHHP, 1998) has also recommended the use of local materials in shelter construction for 
generating livelihood for the poor. However, the environmental impact of the use of local materials 
should also be examined. 
COST EFFECTIVE CONSTRUCTION TECHNOLOGIEs AND LABOUR-INTENSIVE SYSTEMS 
Let us examine the role of different construction technologies. A material may be used by adopting 
different methods that may have different implications on material and labour costs. For example, 
burnt clay bricks are traditionally used as a 230 mm solid brick wall with 1: 6 cement and sand 
mortar, which consumes 480 bricks and about 66 kilograms of cement per cubic metre of masonry. 
If rat-trap bonded brick masonry with the same specifications of cement sand mortar is used to 
build a 230 mm thick wall, it will consume 400 bricks, and 36 kilograms of cement. Therefore, 
rat-trap masonry saves 80 bricks and 30 kilograms of cement for every 1 cubic metre of masonry 
compared to that of a solid brickwall. All these data are based on Vidyalayam (Bonner, Das, 1996). 
Figure 4-2 A 230 mm thick rat-trap brick masonry wall comer. The savings in brick consumpfion is 
indicated by the cavity 
I 
of 
Source: Author 
It may be noted that the rat-trap bonded masonry is more labour4ntensive than solid brick work. In 
constructing a solid brick wall, the total labour input is 4.84 working days whereas in a rat-trap 
bonded wall it is 5.61 working days (i. e., 0.77 days extra). However, the overall cost of the rat-trap 
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bonded masonry is lower than the solid brick wall. To illustrate this, let us look at the DFID-funded 
Andhra Pradesh Primary Education Project's etperionco In 1995-96, which was an attempt to 
reduce the cost of school construction. Based an the Government approved rates (Standard 
Schedule of Rates. 1995-96) the per cubic metro cost of a 230 mm thick solid brick wall was Rs. 994 
(E12.43) as against Rs. 899 (EI 1.24) for a rat-trap bonded wall. Therefore. the rat-trap bonded wall 
Is cheaper than solid brick masonry wall. According to Bonner and Das (I 9W, the level of stress In 
a two stoded load bearing rat trap wan is low (4.55 kg/ square centirnetre) compared to its capacity 
(7J! i kgI square centimetre). Hence, rat trap bonded wag Is structurally safe. 
Table 42 A 230ffwn thick rat trap brick wall Is cheaper and more labour IntensJvo than a 230mm 
thick sad brick wall. Rs. 80m El 
Sl no Walling type Cost per cubic 
metre 
Labourcostper 
_cubic_ffwtm 1 230 mm solid brick nuisoriry In 1 .6 
R-s. 994 Rs. 214.14 
cement mortar 
2 230 mm rat-trap bonded brick Rs. 899 Rs. 24 8.14 
masonry In 1: 6 cement mortar I II 
Source: Aumr 
It Is. therefore, evident that with the same material, some technologies may be more tabour 
Intensive than the others. In a slindar manner construction technologies using different materials 
such as cement stabilisod mud block, stone concrete blocks, o1c,, have different degrees of labour 
Intensity as explained In the Appendix III and IV. Therefore, the tochnok>glos that Oro more 
labour-Intonsive may be Wised to ma*nizo opportunities for the employment of tabour (skilled 
and unskilled), while supported by fight oquipment, cost compotdivenoss and acceptable 
engineering quality standards, and timely Implementation. 
According to the Building Materials Technokvy Promotion Council and Symbiosis of Technology, 
Environment and Management Bangalore (BMTPC, STEM. 2000), there Is a nood foc 173 million 
tons olcoment and 600 billion bricks for the period 2001-2006. Lot us now examine the Irnplications 
of construction technologies on the estimated requiromonts, of cement and bricks. According to Ral 
and JaWng (1986) 30,000 bricks, Le., 62.5 cubic motro of masonry work is required for the 
construction of 100 square metro of residential building. Therefore. with 600 billion bricks, one 
could construct the walls of 20 million houses each having 100 sq. m. covered area, which would 
consume 83 million tons of cement. However. If one adopts rat trap bonded brick masonry. one 
would require 25,000 bricks to construct a 100 sq. m. of covered area. Therefore, by adopting rat 
trap bonded masonry. 24 million houses could be produced with 600 billion brW, which will 
consume 54 mil. lion tons of cemenL Therefore, rat trap would not only produce 4 rnillion additional 
houses, it would also save 29 million tons of coment. As shown above, In constructing every cubic 
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metre of rat trap bonded bdck masonry, 0.77 extra working days are required compared to that of 
solid brick work. Therefore, rat trap bonded masonry walling with 600 billion bricks will generate 
2.365 billion additional working days of employment compared to solid brick wall. 
In general, the local materials used in vernacular architecture in rural India are mud, stone, brick, 
timber, etc. For reinforced cement concrete based construction in the rural areas, cement and steel, 
produced industrially are transported to the villages and hence, most of the invested money goes 
out of the locality. Whereas, most of the money would be retained within and the neighbouring 
villages, if one uses local materials. Thus, it leads to a high income-multiplier effect and helps the 
local people to improve their condition of living. 
4.2.2. Environment 
The last section showed how the use of cost effective construction technologies, such as rat-trap 
bonded bdck masonry wall, could reduce the unit cost of construction and also increase labour 
intensity. While some technologies are good opportunities for employment generation, they could 
be a threat to the environment and hence, this issue of infrastructure supply needs examination. 
Let us now examine the process of infrastructure construction and maintenance and their impact on 
the environment. It has been observed that human civilization has been rapidly using up the earth's 
finite resources and, to state the obvious, once these resources are used up there will be no more 
left. On a global scale, the simple pursuit of economic gain is openly destroying the environment 
(Davies, 1999). 
According to Davies (1999), human activity currently uses 40% of terrestrial photosynthesis (the 
biological product of the land). It is only 20% of the earth's population, which is responsible for most 
of these activities. If the other 80% aspire to the same level of development and living standard as 
that 20%, then it is clear that the planet will not be able to sustain its current population at the 
aspired rate. Wheat (2002: 16) quotes Ronnie Hall (policy maker and research officer with Friends 
of the Earth, UK) and states that, alfpeople living in the South usedas much fossitfuelas people in 
the UK currently do, by 2050 we would need eight atmospheres to prevent global warming. " Davies 
(1999) states that, the world population is forecast to double from its current 5 billion to 10 billion in 
the next 50 years. He states that, it has taken the whole of human history to reach 5 billion, yet it is 
setto double in the next 50 years. The challenge is to fulfil the growing needs and aspirations of the 
world's population using the available resources. 
Davies suggests that the promoters of sustainable development should be alert from the beginning 
of the project to any possible risks to the environment and the excessive use of non-renewable and 
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renewable resources. Based on Davies'suggestion the following may be suggested. 
" reducing consumption of high-energy building products, e. g., cement, steel, etc. 
" reusing waste materials - this will reduce the amount of waste polluting the environment 
without having any detrimental impact on the shelters and the users. 
" using local materials- thus reducing consumption of fuel for transportation. 
In theory, sustainable development is really about making the existing resources last as long as 
possible in the hope that long term solutions will be found to the problems (Davies, 1999). The next 
few paragraphs will discuss the issue of environment in the context of India. 
It is important to note that the use of construction materials such as brick, cement, steel, etc., has 
detrimental effects on the environment. Every ton of cement as finished product at production 
centre releases approximately one ton Of C02 into the atmosphere (chapter 8, section 8.5). 
Production of brick depletes coal and firewood and releases C02. Manufacturing, transportation, 
implementation and disposal of building materials and technologies usually cause damage to the 
environment by depleting non-renewable and renewable materials and also by polluting the 
environment. As mentioned in chapter2, the construction sectoris one ofthe largest contributors of 
C02in India, accountingfor22% ofthetotal C02emissions (Maithel, 1999). Production ofthethree 
main construction materials, viz., steel, cement and bricks require burning of about 70 million tons 
of coal annually. It is importantto note thatthe brick industry, with an estimated coal consumption of 
20 million tons per year, is the third largest consumer of coal in the country after power plants and 
steel industry (Maithel, 1999). Apart from that, according to Deb (11994), every year the Indian brick 
industry utilises approximately 397 million tonnes of clay, a material that the farming communities 
can not afford to lose. 
In states such as Ofissa, Andhra Pradesh, Maharashtra, etc., coal is used as fuel in the thermal 
power plants, which generate fine grain ash popularly called as fly-ash. According to the Fly-ash 
Mission Report (1999), the power industfies in India produce over 90 million tons of fly-ash per 
annum. Fly-ash is proving to be virtually impossible to dispose of; consequently it has become a 
major pollutant. To mitigate the effect of fly-ash, one has to ensure the restoration of cyclical 
processes in which wastes become new resources for society or nature. For the past ten years it 
has been common knowledge that fly-ash, when mixed with lime and gypsum, makes a strong 
durable building block, which has become commonly known as FAL-G, and its use in construction 
would greatly reduce the increasing deposit of fly-ash. Consuming these in the construction will 
clean up the environment. Agricultural waste such as fice husk has been used as fuel for the brick 
Production, which is an alternative to coal and firewood. 
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According to Verma (2000), there has been an increasing awareness of environmental protection in 
India in the recent past. He states that, the Ministry of Environment and Forests, India, has brought 
out a notification on the 14tt' September 1999, restricting the excavation of top soil for 
manufacturing of bricks. The notification has encouraged the utilization of fiy-ash in the 
manufacture of building materials and construction activity within a specified radius of 50 km from 
coal or lignite based thermal power plants. Although Verma's (2000) report indicates that there is 
some action to protect the environment, we still do not know about its impact based a quantitative 
assessment. However, according to the Tenth Plan, environmental impact does not appear to have 
received the due importance in India. 
'ecological issues, unfortunately, have not been adequately incorporated into our development 
strategy, despite the fact that there has long been recognition of the importance of environmental 
and ecological factors in Indian planning and poricy"(renth Five Year Plan, 2002-2007: 4). 
As mentioned earlier, technologies regulate the extent of impact on enviroment since different 
technologies use different types and quantities of materials. To illustrate this, the section 4.2.1 has 
shown that, if rat trap bonded brick masonry is used for constructing houses with 600 billion bricks, 
it will save 29 million tons of cement compared to that of solid brick masonry. Such reduction in 
cement consumption would save on depletion of non renewable natural resources and also 
produce 29 million tons less C02 than solid 
' 
brick masonry. Apart from these, rat trap saves bricks 
(as mentioned before) and hence, would also have less environmental impact. 
The quantities of impacts of different construction technologies on environment discussed above 
will enable a decision makerto choose the sustainable option in a context. However, one may raise 
a question whether we are overlooking employment opportunities while emphasising environment 
The answer is - perhaps not. It has been observed that this emphasis on environment does not 
necessarily reduce employment opportunities significantly, e. g., Donovan et al (1997) state that the 
imposition of carbon emissions (or indeed any other policy changes) does not raise un-employment 
above the so-called natural level of unemployment for any economy. 
Socio-EcONOMIC AND ENVIRONMENTAL IMPACTS OF CONSTRUCTION AT LOCAL LEVEL 
The policies and programmes such as the National Housing and Habitat Policy, Government of 
India (NHHP, 1998), Tenth Five Year Plan (2002-2007), etc., may not be adequate to address the 
issues of sustainable social infrastructure construction. It may be argued that such top-down 
approach may not be sufficient to get the best out of the context. There is a need for bottorn-up 
approaches based on actual project experience to complement the policies and programmm In 
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view of this, the following diagram summarises the above discussion on how construction can be a 
socio-economic opportunity and also a threat to the environment in the domain of a district. 
Figure 4-3 shows that, when social infrastructure such as primary school, health centre, etc., are 
constructed in a district, an amount of money goes out of the locality because of the use of cement, 
steel, etc., which are not locally produced. One can reduce this leakage of money from the district 
by adopting local materials and methods in construction, which will benefit the construction-related 
local people. Figure 4-3 shows that, materials and methods of any construction will have impact on 
the environment in terms of depletion of non-renewable and renewable energies and emission of 
C02. Therefore, while construction could be beneficial (indicated as N+') to the local context in some 
respects, it may have detrimental (indicated as effect as well. Therefore, as discussed in 
chapter 2 (Lippiat and Boyles, 2001), the answers lies in the trade-offs between positives and 
negatives of the Figure 4-3. 
Figure 4-3 The investment on construction could be an opportunity for livelihood and a threat to 
environment as well. 
(-) Money out of the 
village due to the use of 
industrially produced 
materials like cement 
steel etc. 
Investment on primary Construction 
school/heafth centre, of Social etc. 
E( 
Infrastructure 
(-)Negatve impact on 
environment- emission 
of C02, depletion of 
non-renewable resources 
etc. 
Opportunity for the 
nstruction workers' income 
generation 
(+) Opportunity for the local 
businessmen - transportation, 
supply of materials etc. 
(+) Positive impact due to the use of 
fly-ash or agriculture waste like rice 
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Source: Author 
However, it is only a theory. Therefore, there is a need for examining this diagram with respect to 
grass root level experiences. With respect to the above diagram let us now conduct an in-depth 
examination into the impact of construction on the local context. We shall demonstrate this with the 
field experience of Orissa Primary Health Centre construction, which was based on the experience 
of Andhra Pradesh primary Education Project (discussed in chapter 2). 
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4.3. FIELD EXPERIENCE OF THE IMPACTS 
In chapter 2, the domain of sustainable social infrastructure development in India has been 
identified after a detail literature review. Figure 4-3 shows this domain in terms of more specifics, 
e. g., the positive and negative impacts of different construction technologies on local level 
employment generation, depletion of non-renewable and renewable energies and emission0fC02- 
We shall now raise a few questions regarding the quantitative information on these impacts under 
the attributes shown in Figure 4-3. For example, under the attribute "Opportunity for the 
construction workers' income generation', do we have information on how much money actually 
goes to the construction workers if a parficular construction technology is adopted in a project? 
Also, do we know what the workers do with the increased income at family level? This will help to 
understand the actual impact of different construction technologies at grass-root level. For this, we 
shall look into a DFID-funded project in Orissa, an Eastern State in India. 
DFID has been providing financial assistance to the Government of India's social infrastructure 
programmes in primary education and healthcare facilities. The DFID-funded social infrastructure 
programmes in India emphasised the use of local materials and skills to reduce the cost of 
construction, increase employment opportunities, and reduce transportation cost and depletion of 
fuel and minimise harmful emissions. In all their projects, local materials and labour intensive 
technologies were adopted based on resource mapping. Under these projects, a few groups of 
masons were identified at each site and trained. On an average, a group of five skilled masons and 
ten helpers were engaged for eight months to complete the construction works at each site. During 
the implementation of the projects, the masons' activities were recorded meticulously, e. g., 
whenever a mason bought livestock or deposited some money in the bank, the site supervisors 
recorded it (Das, 1999). 
Figure 4-4 shows the impacts of constructing a primary health project at Bafikpur, Orissa, under the 
five major heads, viz., Labour(priority reduces from the top to bottom), community, brick, cement 
and steel and onsite training. The arrows from these five heads show the next level of impacts. For 
example, the arrows from the rectangle representing 61-abour cost"show the subsequent impact at 
the construction workers' family level, i. e., "More food", "Better clothing", etc. Figure4-4 isthe 
next layer of the diagram in Figure 4-3 showing the positive impacts (marked '+I and negative 
impacts (marked at district level. Let us now look at the quantitative aspects of the impacts at 
Bafikpur. 
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Figure 4-4 The socio-economic and environmental impacts of brick intensive primary healthcare 
facilities at Bafikpur, Bhadrak, Orissa, at local level. Rs. 80= El 
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Bafikpur is on the national highway number 5, connecting Calcutta and Madras. There were many 
brick kilns on the banks of the local river that produced bricks of a strength of 75-100 kilogramme 
per square centimetre, which was well above the minimum strength of 35 kilogramme per square 
centimetre, recommended by the Bureau of Indian Standard code on masonry (IS 1905 -1980). 
Brick was the most affordable and easily available local material and hence, rat-trap bonded brick 
wall and corbelled brick pyramid were adopted in the buildings (for details of corbelled pyramid 
refer to Appendix W). It maybe noted that the labour component of rat-trap bonded brick masonry 
is higher than solid brick masonry (Table 4.2). Figure 4-4 shows that the use of materials like 
cement and steel in construction at Barikpur had contributed more to the problem of environmental 
pollution and depletion of natural resources as raw materials. A major portion of investment on 
cement and steel went out of the district to the transporters, manufacturers, etc., since these 
materials were brought from outside the district boundary. Investment an local materials such as 
brick increased retention of money within the district boundary and thus led to a higher 
income-multiplier effect. However, it may be noted that brick making leads to depletion of coal and 
firewood, and emission Of C02. The issue of loss of top soil is not applicable in Barikpur since clay 
from river is used in brick manufacturing. Badkpur being close to the Bay of Bengal, the river 
required regular dredging to maintain its navigability, since, high fide brought in the silt and sand. 
As mentioned before, labour-intensive technologies were adopted in the construction projects and 
the impacts of additional income on the workers' pattern of living were documented. Interviewing 
the construction workers at Barikpur revealed that whenever they had a steady income from the 
construction site, they spent more on food. This was followed by spending on better clothing, child 
care and purchase of livestock. Priority on healthcare and education appeared to be low perhaps 
owing to the lack of facilities and awareness. It may be noted that such observations can not be 
generalised. For example, Morse et al (2000) analysed the pattern of family expenditure at Eroke, a 
village in the Federal Republic of Nigeria. The analysis revealed that healthcare (including 
medicine), food and school fees respectively constitute the three major items of expenditure as 
agreed by males and females at Eroke. Apart from food, the Villagers in Eroke lay great importance 
on healthcare and education. In Barikpur, these two were of low priority. 
Let us now look at another project at Panasapada, which is a small village close to the Bay of 
Bengal. Panasapada is about 100 kilometres from Bhubaneswar, the capital of Orissa, India. 
Figure 4-5showsthe impacts of constructing a primary health project at Panasapada underthe five 
major heads, viz., labour, community, FAL-G, cement and steel and onsite training. The arrows 
from these five heads show the next level of impacts similar to that of Barikpur. Figure4-5 isthe 
next layer of information of the diagram in Figure 4-3, showing the positive impacts (marked 0+1 
and negative impacts (marked at district level. 
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Figure 4-5 The socio-economic and environmental impacts of fly-ash intensive primary healthcare 
facilities at Panasapada, Orissa, at local level. Rs. 80-- El. 
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Fly-ash lime and gypsum (FAL-G) blocks were found to be the cheapest option for constructing 
walls and roof at Panasapada. Apart from being low cost the use of these blocks was intended to 
set an example of cleaning-up pollutants, such as fly-ash, which is a detrimental waste from 
thermal power plants. The disadvantages of cement and steel were the same as in Barikpur. There 
was a small variation in masons' priority of spending (priority reduces from the top to bottom in 
Figure 4-4 and Figure 4-5). While the first three priorities of the construction workers at 
Panasapada remained the same as Barikpur, the fourth was purchase of land and the fifth was 
purchase of tools. 
Figure 4-5 shows the impact of fly-ash4ntensive technologies on unit cost; income generation and 
environment at micro-level while constructing a primary health project at Panasapada. Figure 4-4 
shows that the project cost of the primary health centre at Barikpur was 0.83 million rupees (EO. 01 
million) with labour cost of 028 million rupees (EO. 0035 million) against 0.77 million rupees (EO. 009 
million) and 0.16 million rupees (EO. 002 million) respectively at Panasapada (Figure 4-5). Therefore, 
while Panasapada was less expensive than Badkpur, the latter was more labour-intensive than the 
former. 
The experience of healthcare facilities construction at Barikpur showed that the use of local 
materials and labour-intensive technologies can retain a greater share of investment on 
construction compared to steel and cement based systems. Figure 4-4 and Figure 4-5 have shown 
the pattern of use of the money earned by the construction workers' families. The local brick field 
owners, transporters, etc., have also earned money from the project at Barikpur. When these 
people spend their earnings on food, clothing, medicine, etc., it leads to income-multiplier effect. In 
Barikpur and Panasapada, the construction workers hardly saved money nor did they pay taxes 
and spent money on imported items. This situation is similarto the observations by the UNCHSALO 
(1995), which states that the lowerwincome workers tend to have lower marginal propensities to 
import, pay tax or save than higher-income workers, as a result the multiplier would be greater, 
ceteris paribus, for investments involving low-income labour. Therefore, the multiplier effect is likely 
to be two (as mentioned in chapter 2). 
While some of the impacts shown in Figure 4-4 and Figure 4-5 are important at village level, the 
issues such as the depletion of coal, C02 emission, etc., are relevant in the global level. Rat-trap 
bonded masonry walling adopted in Badkpur reduced the consumption of bricks from 75,000 (in 
solid wall) to 60,000 thus reducing the depletion of coal and emission Of C02. The use of 12000 
fly-ash blocks in Panasapada for a covered area similar to that of Badkpur has consumed the 
industrial waste and emitted C02 for transportation only. 
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These two examples have demonstrated the extent of impact of different materials and 
construction technologies on cost, livelihood generation and environment in the contexts of 
Bafikpur and Panasapada. From the above discussion, it is evident that there are some 
construction technologies that reduce cost of construction, increases income generation of the 
construction workers and, by using local materials, create higher income multiplier effects. 
However, any construction will affect the environment Some technologies may be cost effective 
and also generate more livelihoods but cause harm to the environment Figure 4-4 and Figure 4-5 
show that the opportunities and threats of infrastructure in the contexts of Barikpur and 
Panasapada are primarily regulated by the technologies and are locaton-specific. The 
technologies such as rat-trap bonded brick masonry walls are environment-friendly since they 
consume fewer bricks and less cement than the conventional solid brick masonry walls. However, 
fly-ash lime and gypsum blocks are even more environment-friendly than rat trap since they 
consume the harmful waste (fly-ash) from the coal-based thermal power plants. The radio-activity 
of fly-ash, tested at the Institute of Physics, Orissa, revealed that itwas safe for human (Das, 1999). 
It may be reiterated that the domain of sustainable social infrastructure development in India has 
been shown in Figure 4-3, based on the literature review in chapter 2. Figure 4-4 and Figure 4-5 
demonstrate some of the impacts of brick4ntensive and fly-ash intensive technologies at grass-root 
level for new construction, which is the second layer of Figure 4-3. However, it is to be noted that a 
technology with an initially favourable socia-econornic and environmental impacts, need not 
necessarily be so in its entire life span. An initially cost effective technology may have a high 
recurring maintenance cost. A building, once constructed, requires routine maintenance in terms of 
cleaning, painting and minor repair. As the building grows old, it needs corrective maintenance. 
Therefore, one should look at the life cycle implications of technologies rather than only for new 
construction. It is important to note that a building is a continuous opportunity for income generation 
and threat to the environment in its entire life cycle and hence, the following section will examine 
this aspect To carry out life cycle assessment, one needs reliable database on periodic 
maintenance of different construction technologies. 
4.4. LIFE CYCLE IMPLICATIONS OF INFRASTRUCTURE 
Figure 4-6 illustrates the life cycle of a physical facility, which consists of two parts. The first part is 
planning, designing and implementation until a building is constructed. The second part consists of 
maintenance of a building for at least 50 years and eventually replacing it with a new structure. 
However, inadequate maintenance may lead to premature replacement of buildings. Figure 4-6 
shows that the opportunity for employment generation and threat on the environment is a 
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continuous function in the whole life cycle of a building and hence, the impacts should be assessed 
for both forward and backward linkage. We have already examined the issue of construction as an 
opportunity for income generation and also as a threatto the environment for the backward linkage. 
In this section we shall examine maintenance as a similar opportunity and threat in the forward 
linkage also. 
Figure 4-6 The opportunities and threats during the entire life cycle of a building based on 
community based primary school construction and repair in Ranga Reddy district, Andhra Pradesh. 
LIFE CYCLE OF A BUILDING 
Planning, design & MAINTAIN forat least 50 years implementation 
Replace /revitalise 
Backward linkage- scope: Forward linkage- continuous scope for 
for community involvement: community involvement upgrade facilities, 
and employment generation prolong building life. improved skills, 
in new construction- use of maintain high quality learning environment 
matefials may be a threat on and employmentgenerationz "sof Source: Author 
environment matefials mav be a ffireat on environment. 
We shall discuss the life cycle implications with reference to a DFID-funded research project that 
aimed at understanding the maintenance aspects of primary education infrastructure in the state of 
Andhra Pradesh. 
Table 4.3 The replacement requirement of primary school in Andhra Pradesh 
Age of classroom Numbers Year of replacement 
With maintenance Without maintenance 
0-5 years 16,414 (20%) 2043-2048 2028-2033 
6-15 years 24,622 (30%) 2033-2042 2018-2027 
16-35 years 41,036 (50%) 2013-2032 1998-2017 
Total 82,072 1 
Source: Imran, (1999), Figure-1, page-8. 
The above table assumes that the design life of a building, with regular maintenance is 50 years. 
The same without maintenance is about 35 years. Imran (1999) observed that the poor conditions 
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of the schools affect the efficiency of classroom activities and perhaps enrolment and retention. 
Imran (1999) calculates the life cycle cost of the school buildings with and without maintenance. 
Based on the Governments prevailing rates, he adopts Rs. 460 (E5.75) per classroom (29.7 square 
metre of carpet area) per annum and works out that the maintenance fund required for the 82,072 
classrooms is 38 million rupees (0.48E million) in 1999. Assuming 21 % as labour charge (shown in 
Figure 4-1), 8 million rupees (O. 1E million) worth of livelihood generation will be done for the 
construction workers. It is important to note that repair is more labour intensive (Das, 2000) than 
new construction. The following table shows that periodic repair of the primary education 
infrastructure is more cost effective than no repairs. 
Table 4.4 Annual life cycle expenditure - primary schools in Andhra Pradesh 
Option Unit cost Maintenance Present worth Total Building Life cycle 
(Rs. ) cost per year offuture cost life in cost per 
expend ure* years year 
A 100,000 2,000 19,829 - 119,829 50 2396.58 
B 100,000 0 0 100,000 35 2857.14 
tiource: imran tivvw), i-igure-ii, page-lu. 
* In order to bring all the costs to a comparable basis the future maintenance expenditure has been discounted 
using an interest rate of 10%. Rs. 80 = El 
Let us look now at the maintenance requirements in housing sector. Based on the Housing Stock 
and Constructions (Housing Condition in India, 2004, table-35: A120,121) of India, the total 
number of pucca houses in bad state has been calculated and shown in Table 4.5. These require 
urgent repair. 
Table 4.5 Total number of pucca buildings in bad conditions in India according to their ages. 
Number of pucca buildings In bad conditions 
Age in years <1 1-5 5-10 10-20 20-40 40-60 60-80 >80 
Rural - 592,205 1,480,512 2,368,818 1,924,665 1,036,358 296,102 148,051 
Urban 117,042 292,605 351.126 877,816 936,337 409,647 175,563 175,563 
OUUIL; rd * rioubing %, unuruon in inaia, (/-UU4), Dasea on me aaTa in coiumns snowing DUliaings in -Dau- 
conditons(table: 35A-120 andA-121). 
Addition of the number of buildings in the row "Rural"of Table 4.5, shows that about 8 million pucca 
rural houses of different ages need urgent and major repair. Instead of considering this to be a 
liability, the maintenance may be a good opportunity for livelihood of the local construction workers 
and building materials suppliers and transporters. According to the statement 31 of the Housing 
Stock and Constructions (Housing Condibon in India, 2004: 52,53 -all classes - column 7) the 
average cost of repair in the rural and urban (all) areas are Rs. 7,000 (E87.5) and Rs23,000 
(E287.5) per unit respectively. The rural and urban mean floor areas for repair are 24 square metre 
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and 30 square metre (Housing Condition in India, 2004: 52,53 -all classes - column 6). Based on 
the repair areas and costs per unit, Table 4.6 shows that 55 billion rupees (EO. 69 billion) in rural 
area and 77 billion rupees (EO. 96 billion) in urban areas are required for repairing all the existing 
pucca dwelling units in bad conditions in India. 
Assuming the labour component of repair same as new construction (21 %), labour costs of the 
repair of houses in bad conditions will bell 1.55 billion rupees (EO. 14 billion) in the rural areas and 
16.17 billion rupees (0.2 billion) in the urban area (Table 4.6). Since these data were collected in 
2002, we will adopt the mason's and labourer's average daily charges as Rs. 195 (E2.44) and 
Rs. 1106 (E1.33) (BMTPC & STEM, 2000, table 4.12: 50). Assuming one skilled mason and two 
unskilled workers as a repair team for a house, daily wages would be Rs. 407 (E5.1) per day. 
Assuming 260 working days per year as one working-year (section 10.1), the investment of Rs. 1132 
billion (E1.65 billion) on repair would generate 0.262 million working-years for teams of one skilled 
mason and two unskilled workers, which is very significant. 
Table 4.6 The impact on livelihood generation by alteration/ improvement/ major repair of the 
houses in bad conditions in India. Rs. 80 = El 
Number 
on units 
(million) 
Mean 
construction cost 
in rupees per unit 
total cost 
of repair in 
billion Rs. 
total labour 
cost in 
billion Rs. 
Working-years 
generated for one 
mason+ two labourers 
Rural 7.85 7,000 55 11.55 109,148 
Urban 3.34 23,000 77 16.17 152,807 
Total 132 27.72 261,955 
Source: Based on Housing Condition in India, (2004). 
Every time a building is repaired or preventative maintenance is carried out, the materials and 
processes adopted generate income for the construction workers and also impacts on the 
environment. If high energy4ntensive materials such as cement and steel are used in repair work, 
the impact will be more than the low energy materials such as stabilized mud block, etc. The 
emission Of C02 is also dependent upon the type of materials adopted in the construction. Such 
impact, when considered on a regional or national level, may be very significant. Therefore, it may 
be useful to study the life cycle impacts of various maintenance actions of social infrastructure. 
The life span of a building depends upon care and timely intervention by the users. Therefore, 
focusing on the cost and environmental aspects of social infrastructure construction only may not 
lead to sustainable development if the users are not taken into account in the process. Field 
experiences of Orissa and Andhra Pradesh reveal that there is a general lack of ownership of the 
Government-supplied social infrastructure since most of them are built with the help of contractors 
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and hence, do not have any scope for community involvement. To increase the ownership of such 
buildings, the process of social infrastructure construction should keep the community in the centre, 
following DFID's Sustainable Livelihood Approach (DFID, 1997). 
4.5. CONCLUSIONS 
The above section demonstrated some of the impacts of construction technologies on 
socio-economy and environment at district level. The examples of primary healthcare buildings at 
Barikpur and Panasapada have shown the impacts on the three pillars of sustainability atgrass root 
level. Therefore, in the light of Figure 4-4 and Figure 4-5, the parameters of impact assessment can 
be the unit cost, labour4ntensity, income multiplier effect, embodied energy, C02 emission of the 
materials and technologies adopted in construction. Following the intemational guidelines for 
sustainable development discussed in chapter 2, the socio-economic and environmental impact 
assessment, as a national instrument, shall be developed for the decision makers. Therefore, the 
project level experiences are to be transformed into an assessment tool to enable sustainable 
social infrastructure development. 
It has already been discussed in chapter 2 that the key issue in developing assessment tool is the 
availability and reliability of database. Ashworth (1993), Cole and Sterner (2000), etc., have 
emphasised that the lack of appropriate, relevant and reliable historical cost information and data 
are the major deterrent for adopting life cycle assessment. In this connection it may be noted that 
the database of DFID-funded Andhra Pradesh Primary Education Project has been well 
documented (1995-96). Under this project, primary school buildings using different technologies 
were constructed at 29 sites of Ranga Reddy district under the same degree of quality control. The 
buildings are in the same social, geo-climatological settings; therefore, they are ageing under 
uniform conditions. The physical conditions of these buildings were examined in 1998 and the 
corresponding interventions took place in 1999-2000 that was implemented with the help of the 
communities. The entire process and data of the new construction and repair programme have 
been documented, which has provided some idea on life cycle impacts of the various construction 
technologies used in Andhra Pradesh. 
Before we embark on the development of an impact assessment tool, we shall examine the Andhra 
Pradesh Primary Education Project experience in the following two chapters. This will enable us to 
understand whether the Andhra Pradesh experience could be accepted as a basis for developing 
of an impact assessment tool. The detail of both process and product of the project have been 
described in these two chapters so that one understands the nature of database along with the 
context. 
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CHAPTER5 ANDHRA PRADESH PRIMARY 
EDUCATION PROJECT 
It may be recalled that the first objective of this dissertation is to describe the Andhra Pradesh 
Primary Education Project and examine its efficacy as a base for developing an impact 
assessment tool. In this chapter we shall examine this project to ascertain whether it has the 
merit to be the basis for the assessment tool. 
In 1995-96, Overseas Development Administration (ODA) (presently DFID) funded programme 
was undertaken in Andhra Pradesh State of India to identify different options of construction 
technologies that are cost effective, low maintenance intensive, labour intensive and 
environment Mendly. The process and product of the project in Andhra Pradesh will now be 
examined to know whether it can offer any clue towards sustainable social infrastructure 
development within the existing framework of the Govemment policies on cost, livelihood and 
environment protection in the social infrastructure sector. 
5.1 THE BACKGROUND 
Andhra Pradesh, one of the Southern States of India, is bounded by Orissa, Chhattisgarh, 
Maharastra, Karnataka and Tamilnadu. The Bay of Bengal is on the eastern side of Andhra 
Pradesh. 
Figure 5-1 Map showing Andhra Pradesh 
Source: The TTK Atlas (1995), Chennai, India 
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A majority of the local people speaks the language called *Telugu*. The state had and continues 
to have problems of providing adequate sheltered primary schools owing to financial shortage. In 
the early 1990s, the Ministry of Education, Government of Andhra Pradesh was implementing 
the Andhra Pradesh Primary Education Project with financial assistance from the British 
Government's Overseas Development Administration (ODA). Panchayati Raj Engineering 
Department was constructing the primary schools in Andhra Pradesh on behalf of the 
Department of Education. During implementation, it was realised that providing sheltered 
learning environment for every child eligible to attend school was a costly affair, and it was 
growing costlier every year. Therefore, Andhra Pradesh Primary Education Project (1993-1996) 
explored the possibility of producing primary school structures in a cost effective manner. The 
state Government, with technical support from the ODA, set about looking for cost effective 
approaches that could provide the infrastructure at a reduced capital expenditure. 
Five possible ways were identfied by which savings could be made: 
9 by using locally available materials and human resources; 
" by eliminating redundant specifications; 
" by optimising spans and shapes of the rooms; 
" ensuring quality control and good management 
* by implementing effective community participation. 
However, in the pilot programme, it was not possible to involve the community directly in the 
process owing to the time constraint of the project. It was restricted to regular dialogue between 
the implementation team and the community. 
5.2 THE PROCESS 
BACKGROUND: ALTERNATIVE CONSTRUCTION TECHNOLOGIES 
The policy makers at Government of Andhra Pradesh and DFI D principally agreed that intensive 
technical support was necessary for capacity building of the engineers of the Panchayati Raj 
Engineeflng Department in the venture of cost effective construction technologies. It was 
decided that a sedes of prototype buildings using some of the cost-saving technologies will be 
constructed. The Panchayati Raj Engineefing Department could then mainstream some of the 
technologies suitable for Andhra Pradesh, which in turn, would enable the Government towards 
sustainable development in the field of education infrastructure. 
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TECHNOLOGIES IDENTIFICATION MISSION AND SELECTION OF AGENCIEs FOR IMPLEMENTATION OF THE 
COST EFFECTIVE SCHOOL BUILDINGS 
As described in chapter 1, a desktop research was carded out by the author on various agencies 
promoting cost effective construction technologies in India. This was followed by field visits to 
the different research institutions for data collection on construcfion technologies promoted by 
them. The data was analysed considering the unit cost of construction, durability, availability of 
materials and skill, energy consumption, income generation, acceptability and maintenance 
requirements. Based on the data analysis, construction technologies that were feasible in Ranga 
Reddy district were short-listed. 
Figure 5-2 shows the major locations in India where institutes' and individuals' works on cost 
effective construction were studied in detail to select the appropriate ones for Andhra Pradesh. 
Based on the technologies identification mission, evaluation and desktop research, The Central 
Building Research Centre, the Centre of Science and Technology for Rural Development, the 
Development Alternatives in New Delhi, Design Architecture and Associated Technologies and 
PK-PEU DAS (author's consultancy firm) were short-listed for implementing the various cost 
effective construction technologies. Central Building Research Institute participated in the 
programme as a technical support and hence, the Panchayati Raj Engineering Department had 
to take the responsibility of constructing buildings using their technologies. 
Figure 5-2 The map showing locations of the places where good examples of cost effective 
construction technologies existed and were studied. 
Source: Autt 
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SITE SELECTION AND RESOURCE MAPPING 
Ranga Reddy district in Andhra Pradesh was selected for the demonstration of cost effective 
construction of school buildings. The Education Department identified twelve schools in the East 
and sixteen schools in the West of Ranga Reddy for the construction of cost effective 
demonstration buildings. The site selection was followed by Resource Mapping exercise 
conducted by the author of this dissertation to understand the suitability of various technologies 
in the district. 
Based on the available materials, rat-trap bonded masonry wall, brick pyramids, corbelled brick 
arch roofs and filler slabs were chosen for Ranga Reddy East. Similarly, cement stabilised mud 
blocks, stone concrete blocks for walls and micro concrete tiles, ferrocement channel, reinforced 
concrete plank and joist and reinforced concrete channels and sandstone roofing were adopted 
(Appendix N) in Ranga Reddy West. Another important aspect of selecting pre-cast systems 
was to encourage local entrepreneurship among the youths in the locality to generate more 
employment at local level. In general, local Umber was used as door and window shutters. 
Minimum finishing was adopted in the demonstration school buildings since one of the objectives 
was cost reduction. The floors were made of Tandur (a district in Andhra Pradesh) unpolished 
stone of 40 mm thickness on 1: 510 cement concrete. 
APPROVAL OF THE ARCHITECTURAL AND STRUCTURAL DESIGNs AND ESTIMATIONs FROM THE 
PANCH"ATI RAj ENGINEERING DEPARTMENT. GOVERNMENT OF ANDHRA PRADESH 
The classroom designs were based on the state level standard of 40 students in a class and at 
the rate of 0.743 square metres per child. The appendix \1111 shows the different types of designs 
that were approved. The approval of structural designs took a long time since the engineers were 
looking for published documents and books on systems such as corbelled pyramid. The basic 
rules of pyramid were derived from field studies and the research works by Bose (1932) and 
Ganguly (1912). Analysis of measured drawing of the existing temples led to a method of 
corbelling as shown in Appendix IV (section- IV. 11). In consultation with the design engineer of 
the Panchayati Raj Engineering Department, a modified version of Terrington's (1957) method of 
analysis was used for approximate analysis of the corbelled pyramids. 
Panchayati Raj Engineedng Department followed a contract system based on Standard 
Schedule of Rates revised every year, which contained the approved matedals and labour costs 
of vadous construction items. The Government had a fixed number of items for which the 
analysis of rates was approved. Many of the items under the present programme were not in the 
schedule. The Government engineers suggested that the items, which were not within the 
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schedule, should be observed during construction so that an analysis of rates could be evolved. 
CAPACITY BUILDING 
A five weeks' hands-on training programme on cost effective construction was conducted for the 
Panchayati Raj engineers in June-July 1995. The short-listed specialist agencies were involved 
in the training programme, so that the Panchayati Raj Engineering Department could learn the 
specific technologies and also build rapport with the agencies. The author supervised and also 
took part as resource person in the training programme. 
IMPLEMENTATION 
Immediately after the training, the Panchayati Raj engineers, in partnership with the specialist 
agencies, started construction. There was an initial delay since most of the agencies were from 
outside Andhra Pradesh. They were unsure of the co-operation from the political parties, 
Panchayati Raj Engineering Department and local villagers during implementation. The author of 
this dissertation started school construction at two villages named Majeedpur and Jaggamguda. 
Observing the progress at Majeedpur and Jaggamguda, the other agencies developed 
confidence and came down to Ranga Reddy with their supervising team to implement their 
designs. In September 1995 construction works at all the sites were in progress. By March 1996 
most of the sites were in advanced stage as far as the cost effective items were concerned. By 
31st March 1996 the final bills of most of the buildings were provisionally approved. 
THE WORKSHOP 
An international workshop was conducted at Hyderabad on 22 nd -24 !h November 1996 by DFID. 
The author of this dissertation documented the entire process of the workshop. A few 
international delegates from UK, representatives from most of the states of India and high level 
officials Ondian Administrative Service) participated in the workshop. It was coincidental that 
another centrally sponsored programme called the District Primary Education Programme had 
just been launched in more than 50% of the Indian states. The main objective of the programme 
was to achieve universal elementary education for all Indian citizens (DPEP, 1995). The demand 
for such social infrastructure was far too high compared to the existing stock and, therefore, the 
states under District Primary Education Programme took very special interest in the Workshop. 
Some representatives from the Orissa Health and Family Welfare Department came to see if 
some of the technologies could be adopted in the health sector. 
Soon after the workshop, most of the states under the l3istrict Primary Education Programme 
adopted some of the technologies used in Ranga Reddy District (DFID, 1999). Figure 5-3 shows 
ill 
the organisation structure responsible for the entire process of the Andhra Pradesh Primary 
Education Project. 
Figure 5-3 The organisation structure of the Andhra Pradesh Primary Education Project 
ORGANISATION CHART OF ANDHRA PRADESH PRIMARY EDUCATION PROJECT 
FUNDING AGENCIES 
Government of India 
Overseas Development Agency 
Government of Andhra Pradesh 
HOST MINISTRY 
Department of Education 
Government of Andhra Pradesh 
MANAGING AGENCIES 
British Council Division On behalf Of 
(on behalf of Government of Andhra Pradesh Overseas Development Agency) Project Director 
Government of Andhra Pradesh 
I 
Government of Andhra Pradesh 
CONSTRUCTION IMPLEMENTATION AGENCIES- 
(Govemment) 
Panchayati Raj Engineering Department 
Tribal Welfare Engineering Department 
Rural Development Department 
CONSTRUCTION IMPLEMENTATION AGENCIES - (Private) 
Development Alternatives 
Central Building Research Centre 
Pragati Construction 
Design Architecture and Allied Technologies 
Centre Of Science and Technologies For Rural Development 
PKPEUDAS (authors firm) 
Source: Author 
The above organisational structure had implemented prototype schools at twenty nine sites 
(constructed in 1995-96) using: 
1. eleven different roofing systems 
2. six different walling systems 
3. one type of foundation system 
The site level data collection process has been shown in detail in chapter 1. The database was 
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published as a handbook for cost effective construction technologies for primary school 
construction. The follovAng section is on the analysis of data collected from 29 school 
construction sites in Ranga Reddy district, Andhra Pradesh in 1995-96. 
6.3 DATA ANALYSIS: 
The process of data collection and the basic costs and embodied energy of the construction 
technologies used in demonstration school buildings have been presented in Appendix III and IV. 
All the unit rates are according to the standard schedule of rates (SSR, 1996) of the Government 
of Andhra Pradesh and observed data during the implementation. 
NOTES ON DATA ANALYSIS 
Chapter 1 shows that the data collection of Andhra Pradesh Primary Education Project was 
rigorous and systematic. This chapter will carry out a detailed analysis of the data on cost 
effective items adopted in Andhra Pradesh Primary Education Project to examine whether they 
could be used in other contexts with modifications according to the local conditions. Out of the 
twenty nine sites, sixteen have been considered for analysis since the remaining thirteen sites 
were based on the conventional steel and cement intensive systems. Out of the sixteen sites 
chosen for analysis, fifteen were based on altemative construction technologies and one was 
steel and cement-intensive (conventional). All the calculations are based on costs of materials, 
labour, etc., at Jaggamguda (Das, 1996). The analysis focuses on the socio-economic and 
environmental aspects of primary education infrastructure construction in Andhra Pradesh. It has 
been carded out in the light of International guidelines (discussed in chapter 2) and is broadly as 
follows. 
Pattern of variation in unit cost of construction of different construction technologies 
Degree of labour-intensity of various technologies, which is an indicator of livelihood 
generation of construction workers. 
m Amount of money retained in the district, which is an indicator of local business opportunity 
generated. This is an indicator of income-multiplier also. 
Impact on environment of various construction technologies. 
The types of technologies adopted in the school construction has been categorised into four 
groups. The first group had brick and/or cement -intensive wall with steel and cement-intensive 
roof. The construction technologies adopted in the villages named Vismatpur (conventional), 
Surangal, Chilkoor, Medipally, Chinnamangalaram and Sreeramnagar belong to this category. 
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The second group had brick wall with filler slab ( Luxmapur and Ponnal). The third group had 
cement stabilised mud block wall with pre-cast roof (Himayatsagar, Puppalguda, Kokapet and 
Gandipet). The fourth group had brick-intensive wall and roof (Jaggamguda, Turkapally, 
Anantharam and Lalgadimalakpet). 
5.3.1 Pattern of Variation in Unit Cost of Different Construction 
Technologies 
It may be noted that the process of data collection of the Andhra Pradesh Primary Education 
Project has been discussed in chapter 1. The focus of this chapter is on analysis of the data 
collected from sixteen villages in Ranga Reddy district. Therefore, the issues such as design, 
materials, human resources, etc., are village-specific. We shall now carry out a village-specific 
data analysis to examine whether it leads to the development of an impact assessment tool and 
whether a database could be generated for calculating the impacts of different construction 
technologies. 
It may be recalled that, based on the resource mapping exercise carded out in Ranga Reddy, a 
number of feasible technologies were short listed for walling, roofing, openings, etc. As 
mentioned in chapter 1, detailed data collection was carried out during the construction work that 
was analysed and approved. Chapter 1 shows the process of site-specific analysis of data in 
Microsoft Excel File 2 hyperlinked with worksheets "A", "B", "C", "D and "G" (Figure 1.7). The 
following Figure 5-4 is the summary of the cost of construction using various technologies in 
Ranga Reddy District, which shows that the conventional school construction was the most 
expensive, whereas the least expensive one was at Puppalguda. 
Figure 5-4: Unit cost of construction at different sites in Ranga Reddy district showing labour and 
material component. Rs8O = El 
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It may be noted that the designs adopted at different sites were different as shown in 
Appendix VIII. The plinth heights at different sites, with respect to the near-by roads, were also 
different. Therefore, this chapter will analyse the village-specific impacts of different construction 
technologies, designs and ground levels on socio-economy and environment per unit plan area 
of the schools in Ranga Reddy. Figure 5-4 shows that there was a wide variation in cost per unit 
plan area owing to the use of different technologies in construction. The most labour-intensive 
building was at Anantharam. In many schools, verandas were provided along with classrooms. A 
Verandah is less expensive than the classroom and hence, the average unit cost of the 
construction in the designs with classroom and verandah was less than the ones with rooms only. 
One of the reasons for the high unit cost at Gandipet, Luxmapur, Chinnamangalaram, etc., may 
be attributed to the design aspects, i. e., these schools consisted of classrooms only. In contrast, 
Puppalguda having two rooms with verandah classrooms all around had low unit cost. 
Figure 5-5 The percentage of labour and material at different sites in Ranga Reddy district 
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Figure 5-5 shows that the most labour intensive building (41%) was at Anantharam, which had a 
rat-trap bonded brick wall and a brick arch roof, whereas, the least labour intensive was with 
conventional technology. Figure 5-5 shows that the percentage of materials varied between 59% 
and 72%. It may be noted that, Olotuah (2002) (referring to Fadahunsi (1987) and Onibokun et 
al (1990)) states that the cost of building materials in the total expenditure on housing constitutes 
about 60% in Nigeria. According to Olotuah, if the cost of building materials could be reduced 
further, the low cost houses will be within the economic reach of the poor in Nigeria. He suggests 
the use of earth buildings for cost reduction. Therefore, it appears that the technologies adopted 
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in Nigeria are less material-intensive than Andhra Pradesh. However, Olotuah does not describe 
the technologies adopted and cost break-up to supplement his statement. According to Tiwari 
(2001), building materials often consfitute approximately 70% of the actual construction costs in 
developing countries, however, the material cost in Ranga Reddy varied between 59% -72% and 
the average was 67.6%. 
At this point, it is necessary to examine the costs of the different components of a building, e. g., 
foundation, wall, openings, roof, doors, windows and finishing items. It may be noted that these 
components are, by and large, exclusive from each other. For example, one may go for a low 
cost walling and roofing systems but may use high cost finishing materials and doors and 
windows. Analysis by component will enable us to choose the most cost effective combination of 
foundation, wall, opening, roof, door windows and finishing items of a building in a particular 
context. 
ANALYSIs BY COMPONENT 
Figure 5-6: The unit costs of the building components (showing the maximum and minimum of 
each component). Rs80 = Ell. 
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Figure 5-6 shows the pattern of unit cost of foundation, wall and roof, door/window and finishing 
items at sixteen villages in the Ranga Reddy district, which were based on different construction 
technologies. The above figure shows that the major contributors of a building cost are its roof, 
wall and foundation than the finish, doors and windows. 
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Foundation Wall Poot Dc*rs-w indow s Finish 
In the context of the search for low cost construction in Andhra Pradesh, DFID and Government 
of Andhra Pradesh decided that the investment on foundation, wall and the roof must be lower 
than the conventional technologies without violating the national norms and standards an 
structural safety and durability. The finishing items were kept to the minimum, e. g., rough stone 
flooring. The maximum and minimum unit costs of the five building-components were as follows. 
Table 5.1 The maximum and minimum unit costs of the building components 
Building- Maximum Cost/ Minimum Cost/ square Reasons for minimum cost 
components square metre metre 
Foundation Conventional Turkapally Reduced foundation wall 
450 mm thick 380 mm thick coursed thickness 
random rubble rubble masonry 
masonry 
Wall Conventional (3 Turkapally(2.1 metre wall Reduced wall thickness and 
metre wall height) height). 230 mm +115 wall height 
345 mm clamp bond mm kiln burnt brick 
brick masonry masonry 
Roof Jaggamguda Kokapet Micro concrete tile roof is the 
Brick pyramid in Jackarch in classroom + cheapest roofing option 
class room and micro concrete file roof owing to low consumption of 
verandah over verandahs materials. 
Door window Luxmapur Turkapally Total cubic metre of timber 
Large number of Small number of large work is less at Turkapally. 
small windows. windows. Also the labour cost is less 
for large wi dows. 
Finish Chilkoor Anantharam Reduced area of plastering 
3 metre high wall 1.8 metre wall height and painting owing to wall 
I I I height difference 
z, ource: Autnor 
Foundation: The conventional foundation adopted by the Government engineering departments 
and the villagers in Ranga Reddy district was 450mm thick random rubble stone masonry in 1: 6 
cement-sand mortar. The resource mapping exercise in Ranga Reddy district revealed that, by 
using locally available coursed rubble stone, it was possible to reduce the foundation thickness 
from 450 mm to 380 mm, thus reducing the unit cost of the latter. Therefore, 380 mm thick 
coursed rubble stone masonry was introduced in Andhra Pradesh Primary Education Project as 
an altemative to the conventional system. The first bar in Figure 5-6 shows that the conventional 
classroom design with 450 mm foundation was the most expensive option (Rs. 487, i. e., E6.09 
per square metre). While the rest of the bars showing foundation costs were of 380 mm 
foundation thickness, there was a variation in unit cost. This was primarily owing to the different 
plinth heights and plan-forms adopted at different villages. According to the Government of 
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Andhra Pradesh norms, the minimum plinth height should be 450 mm from the road level to 
protect the floor space from water logging in the rainy season. Since some of the sites were 
lower than the road level, higher plinth heights had to be provided, which increased the 
foundation costs. Apart from that, some designs were more expensive than the others owing to 
increased foundation length, e. g., at Chilkoor, two foundation walls close to each other 
(Appendix-Vill, Figure V111.25) on either side of the corridor increased the cost of foundation 
(Rs. 411, i. e., E5.14 per square metre). The least expensive foundation was at Turkapally 
ess. Among the same (Rs. 261, i. e., E3.26 per square metre) with 380 mm foundation thickn 
foundation system, the difference between Turkapally and Chilkoor was 36%. The minimum unit 
cost of foundation at Turkapally could be attributed to the flat ground having the same level as 
the road and also its octagonal plan form, which reduced the foundation length. Therefore, apart 
from the construction technologies, the plan forms and ground levels were the two major factors 
that determined the foundation costs in Andhra Pradesh Primary Education Project. 
Wall: Figure 5-6 shows that the unit cost of walling systems had a wider variation than that of 
foundations. Turkapally had the least expensive walling system with a unit cost of Rs. 178 (E2.23) 
per square metre, in which a combination of 230 mm and 115 mm thick brick masonry was used. 
The most expensive walling system was the 345 mm thick brick masonry wall (conventional 
technology) with a unit cost of Rs. 745 (E9.31) per square metre. This huge difference could be 
attributed to a few factors. First of all the wall thickness of 345 mm in the conventional system 
consumed more cement, sand and bricks than the combined 230 mm and 115mm walling at 
Turkapally. Apart from that, the wall height at Turkapally was 2100 mm, compared to 3000 mm 
in the conventional walling system. It is important to note that the wall heights were determined 
by the roofing systems. All flat roofs required an average floor to ceiling height of 3000 mm 
according to the Government of Andhra Pradesh norm. Since conventional roof was flat 
reinforced cement concrete slab, the 345mm thick wall height had to be 3000 mm. However, 
Turkapally had a pyramid roof, which created a ceiling height of 4000 mm at the centre of the 
room and hence, the wall height could be reduced to 2100 mm to match with the requirement of 
average floor to ceiling height of 3000 mm. Because of this, the difference of 900 mm in wall 
height and smaller wall thickness made the unit cost of Turkapally much lower than that of the 
conventional system. Therefore, it appears that the unit costs of walls alone may be misleading 
since a low cost wall may carry an expensive roof. Hence, the unit costs of the combinations of 
different walling and roofing systems will be considered for comparing their cost effectiveness. 
The first bar of the walling systems in Figure 5-6 was the conventional 345 mm clamp bond brick 
masonry and the rest of the bars were based on alternative systems. The second to the sixth 
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bars (from left) representing walling systems in Figure 5-6 were of stone concrete block masonry 
in 1: 6 cement-sand mortar. The wide variation of unit costs within the same walling technology is 
owing to the plan-form and roofing type, e. g. the unit cost of wall at Chilkoor (the third bar) is the 
highest in this group owing to the wall height (3 metres) and length (explained in foundation). At 
Medipally (fourth bar), one covered classroom and two verandah classrooms with roof supported 
by masonry pillars (Appendix Mll, Figure \1111.27) is the main reason for low unit cost of wall. 
Similarly, the variation in unit wall cost within the cement stabilised mud block, interlocking 
cement stabilised mud block and rat-trap bonded walls shown in Figure 5-6 were either because 
of different wall height or wall length depending upon roof type and/or plan form. 
Roof: As with the wall, there was a considerable variation in unit costs of different roofing 
systems used in the project. The roof at Kokapet (Rs. 396, i. e., E4.95 per square metre) was the 
least expensive and the most expensive one was at Jaggamguda (Rs. 799, i. e., E10 per square 
metre). The school buildings at Kokapet had jack arch-roof over the classroom and micro 
concrete tile roofing on the two verandas (Appendix VIII, Figure VIII. 22). It may be noted that 
micro concrete tile was the cheapest of all the roofing systems used in the Andhra Pradesh 
Primary Education Project. Therefore, using this in the verandas had helped in reducing the 
overall roofing cost at Kokapet. Jaggamguda had corbelled brick pyramid and stone cover slab 
in the verandah and the classroom and hence, the roof cost was high. It may be noted that the 
corbelled roofs were more expensive than jack-arch roofing (Appendix IV). It is important to note 
that the conventional reinforced cement concrete roof is the fifth lowest in terms of unit cost 
(Figure 5-6). However, the conventional foundation and wall were the most expensive options. 
Figure 5-6 shows that the unit costs of the roofs at Lalgadimalakpet, Turkapally and Jaggamguda 
are much higher than that of Himayatsagar, Puppalguda and Kokapet. However, wall costs of the 
former are low and hence, their combined roof and wall costs will provide a realistic picture on 
unit costs of the technologies. 
It is, therefore, evident that the roof and wall cannot be treated in isolation since the wall heights 
are determined by the type of roofing system adopted. A walling system may be expensive but 
when used with sloping roof, low wall height will reduce the overall cost. Therefore, the 
combination of wall and roof will provide a more realistic picture on unit cost of construction of 
different technologies. Figure 5-6 has been recast in the Figure 5-7 by combining the unit cost of 
wall and roof in one group and doors, windows and finishes in another group. 
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Figure 5-7 : The unit costs of building components (combined in three groups) at different sites 
in Ranga Reddy district (showing the maximum and minimum of each component). Rs8O = El. 
TL 
8.5- 
1400 
12DO 
1000 
800 
600 
400 
200 
0 
U, 
U) 
Coriventional, 
1274.85 
Corwentional, ChinnanlangalaraM 
-0 'm 
486.46 515.94 Je 
Foundaton 
m Corwentional 0 Surangal 
m Chinnarriangalaram a Sreeraffmgar 
m Fiffayatsagar w Rippaiguda 
m Jaggarrguda M Turkapally 
Wall+roof Doors-w indow s-f inish 
ci ChilIgDor 0 Medipally 
a LuxrTapur ti Pbnnal Names of o Kokapet a Gandipet 
a Anantharam Z Lalgadirnataipet the villages 
> 
X 
(1) 
The overall pattern in Figure 5-7 shows that the conventional technology was the most 
expensive combination of wall and roof. The schools constructed at villages named 
Himayatsagar and Puppalguda were the least expensive. The combined wall and roof costs at 
Puppalguda and Himayatsagar were the lowest since the designs had classrooms with open 
verandah. The verandas had micro concrete tile and burnt clay tile roofing respectively, which 
were of low unit cost. Figure 5-6 shows that Anantharam (1800 mm wall height) had a slightly 
more expensive roof than Lalgadimalakpet (2100 mm wall height), however, its low wall height 
had reduced the overall cost and made it the same as the latter. 
The bars representing combined cost of doors, windows (made of local timber) and stone floor 
finish show that the most expensive options out of the sixteen sites were at Chikoor and 
Chinnamangalaram owing to primarily the wall height of 3000 mm and also designs consisted of 
covered class rooms. Similarly low wall height (Turkapally), open verandas, etc., reduced the 
combined cost of doors, windows and finish. 
Let us now look at the internal distribution of unit cost of a building by component, i. e., 
foundation, wall, roof, door, window and finish. In order to compare the degree of variation of the 
unit costs of the different components of a building, the average, the minimum and the 
maximum unit total cost, out of the sixteen sites, have been considered based on analysis of 
costs of in Ranga Reddy. 
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Figure 5-8: The distribution of total cost of construction on building components in rural primary 
schools at Ranga Reddy district. The maximum, minimum and average are based on the sixteen 
sites 
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The pie charts (Figure 5-8) show that the unit cost of roof ranged from 30% to 36% (6% 
variation). There was also a wide difference of 12% in wall cost (range 16%-28%). The 
foundation and finishing items did not have much variation. The minor variation in door and 
window cost is owing to different numbers of them used in different designs. The major 
contributors of total building cost are foundation, wall and roof. 
SOME OF THE IMPORTANT OBSERVATIONS ON UNIT COST OF CONSTRUCTION 
The foundation, wall and roof consumed the major part of investment on the school buildings, 
i. e., 76% (average) of the total cost of construction. The wall plus roof combined formed about 
58% (average) of the total cost. There was a wide variation of unit cost owing to the use of 
different technologies, designs and site conditions. The overall cost implications could be better 
understood as a combination of foundation, walling and roofing technologies rather than their 
individual component costs. 
5.3.2 Degree of Labour Intensity of Various Technologies - an Indicator of 
Livelihood Generation of Construction Workers 
UNIT LABOUR COST OF CONSTRUCTION 
Some technologies were more labour intensive than others and hence, created more 
employment opportunities for the construction workers. Figure 5-5 shows that the percentage of 
labour cost varied between 28% for the conventional technology and 41 % at Anantharam, where 
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rat-trap bonded brick masonry wall and corbelled brick arch roofing were adopted. This 
difference of 13% is very significant and worth considering before recommending architectural 
design and technologies for a region. For example, if the technologies used at Anantharam were 
adopted (instead of the conventional technologies) in a project value of 100 million rupees (E1.25 
million), an additional 13 million rupees (EO. 16 million) worth employment opportunity could be 
generated. Considering the prevailing labour charges in Andhra Pradesh in 1995-96, which was 
Rs. 71.5 (0.9) per day for the skilled masons and Rs. 37.8 (EO. 47) per day for the unskilled 
workers and assuming that a team of two masons and four unskilled workers will work at a school 
construction site, an additional 44,188 working days could be generated. Figure 5-5 shows that 
conventional system was the least labour intensive (28%). Surangal, Medipally, Chilkoor and 
Chinnamangalaram had adopted stone concrete block masonry and pre-cast reinforced concrete 
roofing systems. They were of low labour intensity as shown in Figure 5-5. The brick intensive 
technologies such as rat-trap bonded brick masonry and brick pyramids showed a higher labour 
intensity, e. g., Turkapally 35%, Anantharam 41%, etc. 
PATTERN OF SKIU-s NEEDED FOR DIFFERENT TECHNOLOGIES 
Figure 5-9 Unit cost of labour at different sites in Ranga Reddy district. RsBO = El - 
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Figure 5-9 shows the labour cost per unit area at different villages of Ranga Reddy district, 
Andhra Pradesh. It also shows that the internal distribution of skilled, serni-skilled and unskilled 
workers' costs. The pattern of the graph indicates that the unskilled labour component of all the 
technologies is higher than the skilled and semi-skilled labour components. Currently, most of 
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the agriculture labourers work in the rural construction sector during the non-harvesting seasons. 
It has been observed in Andhra Pradesh that most of the rural construction projects virtually stop 
during the harvesting seasons, thus posing a great problem in terms of price escalation and 
prolonged project period. Therefore, by promoting technologies with high percentage of un- 
skilled labour forces, there will be an increase in employment opportunities for the rural poor, 
however, the construction schedule should be designed after considering the harvesting 
seasons. Having said that the unskilled-worker4ntensive construction technologies is supportive 
to the rural livelihood, it is important to note that this may be a deterrent for fast and very high 
quality building construction adopting sophisticated technologies. At present, the ratio of skilled 
masons to unskilled workers in most of the sites is more than 1: 2 (Figure 5-9). By conducting 
training programmes for the semi-skilled workers they can be transformed from a low level to a 
high level of skill, which will increase their earnings. This has other advantage also, e. g., Price 
(1992) has demonstrated that there is a strong relation between level of remuneration and site 
productivity. In addition, the improved skill will lead to additional savings by reducing the 
wastage of materials during construction (Enshassi, 1996). All these may have an important 
bearing on the supply of the agricultural labourers and hence, there is a need for separate 
research in this regard, especially in the light of mechanisation in the process of agriculture. 
Figure 5-9 shows that the demands for semi-skilled and skilled labourers are quite similar. In this 
connection, it may be noted that, during the progress of construction at Ranga Reddy (at all 
sites), the masons were given hands-on training in the new technologies. It was noticed that the 
serni-skilled and skilled masons had a tremendous capacity for learning. For example, a group of 
two masons who had no idea on rat-trap bonded masonry were introduced to such techniques by 
the trainer in about three hours. The most critical areas were the corners, the T junctions and 
cross joints. Once two courses of masonry were laid by them, with the assistance of the 
instructor, they learnt it. After two days of the instructor's presence, the masons developed 
complete confidence in the technology. The cost involved in the entire process was Rs. 2,000 
(E 25) including the instructor's salary and the wages of two skilled masons and four un-skilled 
workers. Currently there are very few building centres, where the masons can receive their 
training; funding in this regard is a big problem. Another problem is concerned with uniformity of 
the training course content and duration. After the devastating earthquake and cyclone at Gujarat 
(2001) and Orissa (1999), the Ministry of Home Affairs initiated a mission for setting up a 
standard training module for construction workers in association with Indira Gandhi National 
Open University. The author of this dissertation, a national consultant to the Ministry of Home 
Affairs (India) for evolving masons' training, has been developing a certification process similar 
to that of the National Vocational Qualifications Authority in UK. 
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Let us now look again at the labour cost per unit plan area. By adding the stacks of Figure 5-9 it 
is found that the highest labour cost per unit plan area was at Anantharam (Rs. 683, i. e., E8.54 
per square metre) and the lowest at Puppalguda (Rs. 431, i. e., E5.39 per square metre). Since 
the difference is very significant, it is highly important to study this aspect of infrastructure 
construction at the planning stage. However, one should not recommend a technology because 
of its high labour intensity only; one has to consider the overall unit cost of construction. 
Let us now examine the labour cost per building component which will give us an idea on the 
distdbution of labour costs in foundation, wall, roof, doors and windows and finish. The following 
pages describe the pattern of skilled, serni-skilled and unskilled workers by components of the 
buildings. 
Figure 5-10 Cost of skilled masons per building component at different sites in Ranga Reddy 
District (showing maximum and minimum of each component). Rs8O = El. 
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Figure 5-10 shows the overall picture of skilled labour requirements of different components of 
school buildings based on different technologies. The first bar under each component is 
conventional design and technology. The figure shows that the foundation requires low level of 
skilled workers whereas most of the roofs, walls and doors and windows require higher skilled 
labour component. 
Each of the foundation, wall, roof, doors, windows and finish technology has a particular skilled 
labour requirement per unit area. However, the factors like architectural design, site conditions, 
wall height, wall thickness, etc., contribute to the overall skilled labour cost of different 
components of a building. For example, the conventional solid brick masonry had the highest 
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skilled labour component (Rs. 54, i. e., CO. 68 per square metre), owing to its thickness of 345 mm, 
which was more than the other walling options, varying between 150 mm and 230 mm. The 
skilled labour component of wall in Figure 5-10 is low at Himayatsagar and Turkapally for two 
different reasons. The consumption of materials was low in Turkapally owing to a wall height of 
2100 mm compared to the other systems having height of 3000 mm. In Himayatsagar, the use of 
150 mm thick wall compared to the other options, varying between 190 mm and 345 mm, made 
it less skilled-mason intensive. 
The corbelled brick arch roof at Anantharam was the most skilled-labour intensive system 
(Rs. 94, i. e., E1.18 per square metre). The least sldlled-labour intensive roofing system was 
reinforced cement concrete slab (Rs. 20, i. e., EO. 25 per square metre). The Figure 5-10 shows 
that the corbelled brick-intensive systems and filler roofs required a high skilled-labour 
component, whereas, systems based on pre-cast reinforced cement concrete joists had low 
sidlied-labour input. 
The skilled labour input for the foundation and finishing items were similar. The variation in case 
of doors and windows at Luxmapur and Chinnamangalaram were owing to the presence of many 
narrow windows instead of wide windows used at other sites. 
Figure 5-11 Cost of semi-skilled masons per building component at different sites in Ranga 
Reddy District (showing maximum and minimum of each component). Rs80 = El 
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Figure 5-11 shows that the semi-skilled labour component of the 345 mm thick solid brick 
masonry was the highest. This labour component of the rat-trap bonded brick masonry wall at 
Lalgadimalakpet, Anatharam and Jaggamguda was also high. The semi-skilled labour intensity 
of the stone concrete block masonry (Rs. 28, i. e., EO. 35 per square metre at Chilkoor) was lower 
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than rat-trap and higher than that of cement stabilised mud block (Rs. 20, i. e., EO. 25 per square 
metre at Gandipet). The variations among the same walling systems were owing to the 
architectural design, especially the combination of a classroom and two semi-open verandas. 
The corbelled brick arch roof at Anantharam was the most serni-skilled labour intensive system 
and could be an opportunity for transforming semi-skilled masons to skilled ones. It is important 
to mention that the skill level of this category of masons involved at Anantharam improved 
significantly after they built the corbelled arch roof over four classrooms. The filler slab roof at 
Ponnal, Luxmapur, etc., also had considerable semi-skilled labour component, which is evident 
from the Figure 5-11. While the serni-skilled labour component of the foundabons and finishes 
were comparable with that of the wall and roof systems, it was virtually non existent in doors and 
windows. 
Figure 5-12 Cost of unskilled workers per building component at different sites in Ranga Reddy 
District (showing the maximum and minimum of each component). Rs8O = Ell. 
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Figure 5-12 shows that the unskilled labour component was high in stone concrete block 
masonry walls at Surangal, Chilkoor, Chinnamangalaram, etc., which was followed by the 
cement stabilised mud block (5%) masonry. Rat trap bonded brick masonry was low un-skilled 
workerAntensive. The Figure 5-12 shows that the brick roofing systems at Lalgadimalakpet, 
Anantharam (Rs. 198, E2.48 per square metre), Turkapally and Jaggamguda had very high 
unskilled workers' component. In comparison, the jack-arch roofing at Kokapet and Puppalguda 
(RS. 52, i. e., EO. 65 and Rs. 54, i. e., EO. 68 per square metre) was very low in this regard. 
Figure 5-12 shows that the general pattern of unskilled workers' involvement in foundations was 
higher than the skilled masons (Figure 5-10) and serni-skilled masons (Figure 5-11). The 
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unskilled workers' cost in the finish was also higher than the skilled and serni-skilled components. 
This may be owing to use of stone flooring which is simple to construct and does not require 
much of skilled masons. The unskilled workers' component in doors and windowswas lowerthan 
the skilled labour (Figure 5-10) since carpentry is a skillmintensive job. 
SOME OF THE IMPORTANT OBSERVATIONS ON LABOUR COST 
Figure 5-5 shows that the percentages of labour cost varied between 28% for the conventional 
technology and 41% at Anantharam, with a total difference of 13%. This type of data will enable 
the decision makers to understand the importance of choosing a particular construction 
technology over the others. The Figure 5-10 to Figure 5-12 show that the unskilled labour 
requirement is higher than the skilled and semi-skilled and hence, employment opportunity for 
the agricultural labourers in the off seasons is high. At present, wherever possible, the use of 
technologies with high intensity of semi-skilled mason may be encouraged. The Ranga Reddy 
district experience reveals that, given a continuous employment opportunity for a couple of 
months, semi-skilled masons were able to upgrade themselves quickly to the level of skilled 
masons. 
Figure 5-13 The distribution of total labour costs on building components in rural primary schools 
in Ranga Reddy district. 
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The pie charts in Figure 5-13 show the maximum, minimum and average distribution of total 
labour costs per building component. The major portion of the labour cost is on the foundation, 
wall, and roof, which constitute a maximum of 81%, minimum 76% and an average of 78% of 
the total labour cost. Pie charts shown in Figure 5-13 are based on the data from sixteen sites in 
Ranga Reddy distdct. 
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5.3.3 Money Retained within the District - an indicator of Local Level 
Employment-Opportunities - also an Indicator of Income-Multiplier 
Figure 5-14 The amount of money retained within Ranga Reddy district per building component 
at different sites (showing the maximum and minimum of each component). Rs8O = El. 
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The net amount of local material cost, after deducting the cost of fuels, etc., brought from 
outside the district and the production labour, is the retention amount. For materials brought 
from outside the district boundary, only the agency charges have been adopted as retention. 
Table 11.2 in Appendix 11 shows the retention of all the materials. The calculation of retention by 
different items in construction such as wall, roof, plastering flooring, etc., have been shown in 
Appendix III, Appendix IV and Appendix XVI. The Appendix VII calculates the site-specific 
impacts based on the Appendices 111, IV and XVI- 
Figure 5-14 shows that the retention of money by the conventional systems in foundations and 
walls were higher than the rest of the technologies, which may be attributed to the use of local 
materials such as coursed rubble stone and bricks. Apart from that, the wall thicknesses in the 
conventional system of foundation and superstructure wall were 450 mm and 345 mm compared 
to the other alternative systems, which were 380 mm and a maximum of 230 mm respectively. 
The additional investment on the conventional system owing to the greater thickness, made it 
expensive, which is also shown in Figure 5-6. Therefore, while the conventional system of 
foundation and wall retained more money within the district than the rest of the systems, they 
were expensive as well. The wall of Himayatsagar had the least amount of retention, which was 
owing to the use of cement intensive interlocking stabilised mud block masonry (150 mm thick). 
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The filler slab roofs at Luxmapur and Ponnal and the brick intensive roofs at Jaggamguda 
(Rs. 234, i. e., E2.93 per square metre), Lalgadimalakpet, Anatharam and Turkapally had high 
retention as shown in Figure 5-14. The least retention was at Himayatsagar (Rs. 73, i. e., EO. 91 
per square metre) since the ferrocement roof was a cement and steel-intensive system. The 
retention in the doors and windows was higher than the foundations, since local timber and 
carpenters were involved in them. The finishes retained the least amount of money. The flooring 
stones were from outside Ranga Reddy district and they were laid on plain cement concrete 
backing. The cementAntensive plastering and lime washing also reduced the retention because 
lime and cement were brought from the dealers at Hyderabad. Let us now look at the retention 
by each of the sixteen villages in Ranga Reddy district shown in Figure 5-15. 
Figure 5-15 The amount of money retained in and went out of the district for school construction 
at different sites in Ranga Reddy district. Rs8O = El. 
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Figure 5-16 The percentage of money retained in and went out of the district at different sites of 
Ranga Reddy district. 
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SOME OF THE IMPORTANT OBSERVATIONS ON RETENTION 
Figure 5-15 shows the pattern of retention by the sixteen villages in Ranga Reddy district. The 
above Figure 5-16 shows that the use of local materials such as bricks, coursed rubble stones 
and clay files in the building components retained as high as 38% at Luxmapur compared to 24% 
at Himayatsagar, the latter was cement and steel intensive. It is to be noted that some 
technologies were more expensive than others and hence, retained a high percentage of money 
within the district boundary. Therefore, one has to be careful that while trying to promote 
livelihood, the cost of construction should not increase, since that may not be sustainable in the 
present Indian context. Therefore, the issue of retention needs to be examined in the context of 
unit cost and the technologies having low cost with high retention may be preferred by the 
decision makers to enhance local employment. 
The pie charts in Figure 5-17 show the maximum, minimum and average distribution of total 
retention per building component. The major portion of the retention is on the foundation, wall, 
and roof, which constitute a maximum of 71%, minimum 68% and an average of 71% of the total 
labour cost. Pie charts shown in Figure 5-17 are based on the data from sixteen sites in Ranga 
Reddy district. 
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Figure 5-17 The distribution of retention on building components in rural primary schools in 
Ranga Reddy district 
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6.3.4 Impact on Environment of Various Construction Technologies 
At present, in India, there is not only a need for low cost construction, it is equally important to 
view construction as an opportunity for employment generation. However, construction might 
also be a threat on the environment as mentioned in chapter 4. Therefore, the following sections 
will examine the environmental impacts of the school construction in Ranga Reddy district. This 
will enable us to select the appropriate construction technologies in a particular context, which 
vAll cause the least damage to the environment. 
The impact on the environment has been quantified in terms of non-renewable, renewable and 
the use of agricultural waste in the procurement of raw materials, production and transportation 
and the on-site process involved in construction. The non-renewable energy is primarily owing to 
burning fossil fuels in the entire process of construction from the materials to the on-site process. 
The renewable energy is depleted while burning of firewood for the production of building 
materials. Some of the building products, e. g., wire-cut bricks and clay tiles, were produced by 
using rice husk as fuel in Ranga Reddy district, which was an agricultural waste. Fuel waste from 
rice husk burning was used as fertiliser by the local people in Ranga Reddy, thus it was 
environmentally friendly. It may be noted that the conventional walling system adopted clamp 
bond bricks, which was coal and firewood based. Let us now look at the environmental impacts 
owing to the school construction in sixteen villages of Ranga Reddy district under Andhra 
Pradesh Primary Education Project. 
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Figure 5-18 The embodied non-renewable energy per building component at different sites in 
Ranga Reddy District (showing the maximum and minimum of each component) 
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Figure 5-19 The embodied renewable energy per building component at different sites in Ranga 
Reddy District (showing the maximum and minimum of each component). 
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Figure 5-18, Figure 5-19 and Figure 5-20 indicate that the Indian building industry has a high 
intensity of non-renewable energy compared to the other sources of energy. Figure 5-20 shows 
that some of the walling and roofing technologies had embodied energy owing to burning rice 
husk. Such systems had used bricks and (or) clay tiles, which were manufactured in plants run 
by rice husk as fuel. However, it may be noted that, generally, coal and fire wood are used as 
fuels for brick and tile manufacturing. Therefore, in most of the contexts in India, the benefits 
shown in Figure 5-20 will be non existent. 
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Figure 5-20 The embodied energy owing to agriculture waste (rice husk burning) per building 
component at different sites in Ranga Reddy District (showing the maximum and minimum of 
each component). 
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The foundations in Ranga Reddy district were of coursed rubble stone masonry in cement-sand 
mortar. The stone blocks being hand-cluarried had negligible embodied energy. The major 
contributor to the non-renewable embodied energy in stone masonry was the cement present in 
mortar. Even though the same foundation technology was adopted there were variations in the 
embodied energies as shown in Figure 5-18, which could be attributed to the different foundation 
depths owing to site conditions and architectural design as discussed before in this chapter. 
There was a wide variation in non-renewable energy consumption of the walling systems in 
Ranga Reddy district (Figure 5-18). The conventional system (1415 Mega Joules per square 
metre) was the most non-renewable energy intensive. The wall at Turkapally was the least non- 
renewable energy-intensive (65 Mega Joules per square metre). Thus there was a significant 
difference in non-renewable embodied energy of different walling systems used in Ranga Reddy. 
The high non-renewable energy-intensity in conventional walling system was owing to its 
thickness of 345 mm, which was higher than the other walling systems (190 mm - 230 mm). 
While the stone concrete block walls and the cement stabilised mud block (5%) masonry had 
high embodied non-renewable energy, the rat-trap bonded walls were low non-renewable energy- 
intensive. Rat-trap bonded masonry was constructed with wire-cut bricks, which were produced 
in rice husk fired kilns and hence, it had low embodied non-renewable energy. The other reason 
for its low non-renewable energy intensity was the low wall height (2100 mm - 2400 mm) 
required for the pyramid roof and filler slab. The high energy consumption at Himayatsagar was 
owing to the use of 10% cement stabilised interlocking block wall with cement-sand mortar. The 
variation in embodied non-renewable among the same walling systems were owing to the 
different architectural designs and site conditions as discussed before in this chapter. 
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Figure 5-18 shows that there was a wide variation in non-renewable energy consumption of the 
roofing systems. The pre-cast reinforced cement concrete rooft had high embodied 
non-renewable energies. Chinnamangalaram had the highest embodied non-renewable energy 
(830 Mega Joules per square metre) and Kokapet (369 Mega Joules per square metre) had the 
lowest. Apart from the fact that jack-arch roof at Kokapet was less cement and steel4ntensive, it 
had two verandas with micro concrete tie roofing, which was also less cement4ntensive. In 
comparison, Chinnamangalaram had two classrooms with pre-cast reinforced cement channel 
roofing. The filler slab roof at Luxmapur and Ponnal embodied approximately 624 Mega Joulest 
square metre. The non-renewable energy consumption at Jaggamguda (498 Mega Joules per 
square metre) and Turkapally (427 Mega Joules per square metre) with brick pyramid roofs was 
low. 
The doors and windows had the lowest non-renewable embodied energy since they were made 
of local timber. In comparison, the finishes had higher levels of non-renewable energy 
consumption because cement was used under the stone floor and plastering, and lime was used 
for painting. 
Figure 5-19 shows that the use of renewable energy was only visible in roofs and walls that had 
used bricks or clay files. The roofs that required wooden shuttering materials had consumed 
some amount of renewable energy. The doors and windows also had embodied renewable 
energy. 
Wire-cut brick manufacturing in Andhra Pradesh uses rice husk as fuel. There are many rice 
mills in the villages and the waste product is used as fodder and also for brick burning. The 
waste product that came out of the brick Idins were used as fertiliser and also a part of it was 
mixed with the clay for brick manufacturing, which made the bricks lighter. Therefore, wherever 
Figure 5-20 shows the consumption of agricultural waste, it indicates that wire-cut brick and/or 
clay ties were used in that component of the buildings. Therefore, brick intensive systems used 
in Luxmur, Ponnal, Turkapally, Jaggamguda, etc., were the least damaging to the environment 
and may be encouraged. 
Let us now look at the embodied energy of buildings calculated in other contexts. Treloar et al 
(2001) calculated embodied energy of residential buildings in Australia by using different 
methods of analysis. When they had calculated according to the Input-Output based Hybrid 
method of analysis, the embodied energy was 14,300 Mega Joules per square metre. According 
to the I nput-Output method, the embodied energy came out to be 6,800 Mega Joules per square 
metre, which is less than half of the previous value. Treloar et al refer to Pullen (1995) and state 
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that the latter's studies in Australian residential buildings averaged around 5,500 Mega Joules 
per square metre. Therefore, embodied energy in buildings may vary considerably depending 
upon the different methods of analysis and local conditions in different countries. This issue has 
been discussed in chapter 2. Such differences in embodied energy, according Cole and 
Rousseau (1992), are owing to the system boundaries, data source reliability, international 
differences and thermal energy content of feedstock materials adopted in the method of 
analysis. Let us adopt the least value of embodied energy as 5,500 Mega Joules per square 
metre for comparison with Andhra Pradesh. The total embodied energy per square metre of the 
schools at Ranga Reddy varied between 3276 to 1309 Mega Joules with an average of 2293 
Mega Joules, which is about half of the Australian buildings (Pullen's value). Therefore, the 
buildings in Ranga Reddy district may be considered as low energy schools. 
Figure 5-21 The embodied non-renewable, renewable and agriculture waste energy per square 
metre of plan area at different sites in Ranga Reddy. 
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Let us examine the embodied energy in all the sixteen villages of Ranga Reddy district, Andhra 
Pradesh. Figure 5-21 shows that the technologies adopted in Ranga Reddy were highly non- 
renewable energyAntensive, compared to that of the renewable and waste. The main 
contributors of the non-renewable energy are cement and steel. There is a need for reducing 
cement consumption in construction since India is the fourth largest cement producer in the 
world (Emission Baselines, 2000). It may be noted that cement depletes non-renewable natural 
resources. The other contributors of embodied non-renewable energy are waterproofing 
compound, binding wire, bricks, etc. Apart from that, emission Of C02 in the production of 
cement, steel, bricks etc., loss of soil owing to brick manufacturing, etc., are the other important 
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factors that will be analysed later. It may be noted that wodd wide bdck production has been 
slowed down owing to the continuing concerns of excavating fertile top soil for its manufacture 
(Camp, 1999). Depletion of diesel owing to transportation of matedals may also be significant if 
materials are transported from a great distance. 
SOME OF THE IMPORTANT OBSERVATIONS ON ENVIRONMENTAL IMPACT 
The following pie charts show the energy consumption of the different components of the school 
buildings constructed under the Andhra Pradesh Primary Education Project. The three pie charts 
in Figure 5-22 show the range of variation of the maximum, minimum and average embodied 
energy shared by foundation, wall, roof, door-window and finish. It is quite evident that a major 
contributor of the energy consumption is the wall and roof combined - 73% average. Figure 5-22 
is based on data collected from the sixteen sites in Ranga Reddy district. According to 
Pooliyadda and Dias (2005), the embodied energy of walls (single storey) in Sri Lanka is 
between 29% and 49%, which is very close to that of Ranga Reddy. 
Figure 5-22 Percentage distribution of embodied energy of the building components 
Door- Foundation 
Door- 
window 1% Door- window 
4% Finish window Finish 4 
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(a) Source: Based on Appendix Vil (b) (C) 
6.4 SUMMARY OF FINDINGS 
Wall 
29% 
The experience of the process and database of Ranga Reddy district provides us a large number 
of technological options for primary school construction. The generally accepted information 
regarding construction in India are dominated by the average data provided by the Building 
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Material Technology Promotion Council, the Central Building Research Institute, etc., which 
provide limited technological options. Whereas, the data acquired from Andhra Pradesh Primary 
Education Project provides a large number of options of construction technologies. As mentioned 
in chapter 2, these school construction technologies are applicable in the housing and primary 
healthcare sectors also. In Andhra Pradesh Primary Education Project, some of the roofing and 
walling technologies were found to be low cost, labour4ntensive and environment-friendly. There 
was a wide variation in unit cost of construction, labour-intensity and energy consumption of 
different technologies. However, site conditions, plan form, combination of wall and roof also 
contributed to such variations. 
As discussed in the section on 'Analysis by component" the costs per square metre of plan area 
of the same foundation technology were different at different sites. This was primarily owing to 
the level of the site and plan form. While the site level determined the foundation-depth, its 
length was governed by the plan form. Similar variations were also observed within the same 
walling systems. The length of the wall was determined by the plan form and its height by the 
type of roofing system. For example flat roofs required a3 metre wall height, whereas it varied 
between 1.8 - 2.4 metres for the non-flat roofs. 
Architectural designs contributed to the cost of construction as well. For example, semi-open 
verandas as learning spaces adjacent to classrooms were economic owng to the reduction in 
volume of walls and numbers of doors and windows. Examples are Turkapally, Himayatsagar, 
etc. (Appendix NAII). 
The above paragraphs have explained the factors affecting cost of construction (other than 
technologies), which basically reduced the material consumptions and hence, will affect 
proportionately the labour cost, money retained and embodied energy. 
In pre-cast technologies such as plank and joist, channel etc., the economic span for 
inaccessible roof is around 3600 mm. Classrooms in Ranga Reddy had about 5500 mrn width 
and hence, a central beam had to be introduced which increased room height and cost. 
The construction technologies used in Ranga Reddy had high intensity of unskilled labour and 
non-renewable energy. The walls and roofs consumed most of the costs, energy and labour 
component. However, the walls built with bricks, which are produced by burning rice husk as a 
fuel is environment friendly. 
The Andhra Pradesh Primary Education Project provides a wide choice of technologies for 
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school, housing and primary healthcare construction. The choice of technologies for a particular 
place depends upon the material resources available, the production process, the road condition, 
availability of electricity, available human skill, employment situation, etc. Technologies that are 
economic and environment-friendly in one place may not necessarily be so in other areas. For 
example, coursed rubble stone, random rubble, stone slab, aggregate, etc., were available 
locally in Ranga Reddy district. Excepting stone aggregate that was obtained from an electrically 
operated stone crusher, all the other types of stones were hand-quarded. Hence, energy 
consumption for production was very small. Apart from that, the cost of stone-based materials 
was very low compared to many other states in India, which led to substantial savings in Ranga 
Reddy. However, sand was expensive since it had to be transported from a distance of 80 
kilometres from the sites. Soil depletion owing to brick making in Ranga Reddy had negative 
impact on the environment since soil for brick making was obtained from the leased land. In a 
state like Orissa, brick fields are located by the side of rivers and the silt from the river is used 
for brick making. Thus in the context of Orissa, brick making does not deplete valuable 
agricultural land. All these factors determine the sustainable technologies in a place; therefore, 
there cannot be a general solution to all contexts. 
Some of the technologies in Ranga Reddy district such as hybrid slab, spiral pyramid, etc., were 
perhaps constructed for the first time in India. The technological options identified in Ranga 
Reddy district give an opportunity to the planners, architects, engineers and the Government to 
adopt sustainable systems in a context. This may enable India to supply the basic minimum 
services quickly and in a cost effective manner - as Peter Head said 'The new technologies need 
to be suitable for cLeveloping countries so that they can leapfrog the problems that developed 
countries are creating and reach their goals quicker and at lower cost. " Head (2005: 17) 
This chapter has examined the impact of different construction technologies (new construction) 
on socio-economy and environment in the context of Andhra Pradesh Primary Education Project. 
And it appears that this experience could be utilised to develop a method for developing 
sustainable social infrastructure in other contexts. This aspect will be discussed in chapter 11. 
However, it is important to note that life cycle analysis is not possible without historical data on 
building maintenance requirements. Therefore, the data from the Repair and Upgrading 
programme of Andhra Pradesh Primary Education Project, undertaken four years after the 
buildings were constructed, may be important to understand the life cycle implications. The 
following chapter examines the issue 'of life cycle implications of different construction 
technologies used in Andhra Pradesh Primary Education Project. 
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CHAPTER 6: ANDHRA PRADESH PRIMARY EDUCATION 
PROJECT- REPAIR AND UPGRADING 
PROGRAMME 
6.1 BACKGROUND 
The schools constructed under the Andhra Pradesh Primary Education Project were revisited in 
1998. The main objective of revisiting was to examine the performance of the different 
construction technologies adopted in the schools of Ranga Reddy. This was a unique opportunity 
to observe the ageing of a variety of materials and technologies in one consistent setting - built at 
the same time, located in the same climatic zone, having same end-usage and constructed under 
the same degree of supervision. The intervention cost provided reliable information on the life 
cycle impacts of the technologies. 
Just before Andhra Pradesh Primary Education Project was over, another nationally sponsored 
programme called District Primary Education Programme was launched by the Government of 
India in its eighteen states. The main objective of this programme was to achieve universal 
elementary education in India by 2005 (DPEP, 1995). The major funding for the programme was 
a soft loan from the World Bank and hence, cost effective classroom construction was a mandate 
in the programme. Andhra Pradesh Primary Education Project had deeply influenced the District 
Primary Education Programme. Several of the Technologies used in Andhra Pradesh were 
replicated under that programme and hence, there was a great demand from the eighteen states 
for carrying out such investigation so that they do not repeat any mistakes. Revisiting the project 
in 1998 brought out information on the performance of the technologies adopted in 1995-96, 
which helped in the dissemination process of cost effective construction technologies in rural 
infrastructure development. 
The original concept of Andhra Pradesh Primary Education Project had a similarity with the 
process suggested by Hawthorne (1978) based on Rogers (1962). Hawthorne mentions that 
dissemination of technologies needs to be based on an identification of the kind of information 
which the ultimate user should require. Rogers describes the users needs in terms of an 
a adoption process". This is defined as the Nmental process' through which an individual passes 
from first leaming about an innovation to final adoption. Rogers conceptualizes this process in 
five stages. 
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1. Awareness - the phase when the individual first hears of the innovation but lacks full 
information about ft. 
2. Interest- the stage when (s)he deliberately seeks out the missing information. 
3. Evaluation -when (s)he mentally considers the use of the innovation and makes the decision 
where to try it. 
4. Trial - the practical, usually small scale, test to assess the value of the innovation to his 
present and future situation. 
5. Adoption -the phase when the trial is extended to full use of the innovation. 
The Repair and Upgrading programme was at step 4. It may be noted that Ranga Reddy was 
included in the District Primary Education Programme and, according to its regulations; each 
school had a School Committee to look after the education and infrastructure aspects. Existence 
of the School Committees was an added advantage for a repair programme since it intended to 
involve the community to increase ownership of the school buildings, to ensure adequate 
housekeeping and future maintenance. Therefore, the District Collector of Ranga Reddy was 
informed that the Repair and Upgrading programme of the existing cost effective schools will be 
implemented by the respective School Committees. The objective was to test the model of 
community-based Repair and Upgrading of education infrastructure so that the schools 
constructed under the District Primary Education Programme could adopt the same process with 
local specific modifications. 
Figure 4.6 of chapter 4 has been modified and recast in Figure 6-1 to demonstrate the 
implications of the Repair and Upgrading programme. The doffed vertical lines in the diagram 
indicate the frequency of the interventions, which was expected to be one of the outcomes of the 
programme. Figure 6-1 shows the first on-site intervention in 2000, which was about four years 
after the construction of the schools. The programme was also designed to understand the extent 
of forward linkage. The entire process of Repair and Upgrading programme has been analysed to 
understand all these aspects to provide information on sustainable construction technologies for 
the development of primary education infrastructure in Andhra Pradesh, which in turn could be 
adopted in the rest of the country with locally specific modifications. 
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Figure 6-1 The forward and backward linkage in the life cycle of a building. 
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environment. 
6.2 THE EVALUATION 
Prototype schools constructed at twenty nine sites in 1995 - 96 had adopted the following 
systems; 
" Eleven types of roofing systems 
" Six types of walling systems 
" One type of foundation system 
The evaluation was caryied out between 14 th October and 23d November 1998. The multiý 
disciplinary team consisted of specialists from the National Council of Cement and Building 
Materials, India and DFID nominated UK based consultants with specialist background in Building 
Sciences and Social Development. The team met the civil works consultants, Government 
engineering personnel and other related Government functionaries, who had been connected 
with the cost effective construction technologies project in Ranga Reddy district, and undertook 
an extensive field study. They studied the architectural designs, construction methods and cost 
effectiveness in terms of maintenance. The evaluation determined aspects of technology and 
design performance, maintenance requirements, etc., to aid future projects. It also identified the 
needs for repairs, structural correction and improvement of climatological performance of some of 
the prototype buildings. 
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6.3 THE REPAIR 
As mentioned in chapter 1, the author of this dissertation was appointed by DFID to carryout the 
repair works at twenty nine sites following the recommendations of the evaluation team. All 
schools under the District Primary Education Programme had School Committees. The elected 
members from the Parent Teacher Association were members of the committee. They were 
headed by the School Committee Chairperson, who was a non-teaching member. School-related 
money was transferred by the Government to the bank account of the School Committee. The 
School Education Committees were entrusted with the Repair and Upgrading Programme and 
were involved right from the beginning. 
In order to evolve a sustainable model, the entire Repair and Upgrading programme was 
implemented through the existing institutional structure. The financial assistance of DFID in this 
con text was to demonstrate the adopted process as an example of good practice that is 
replicable. In the conventional practice of implementing repair, the contractor raises running bills 
and carries out the final adjustment with the Government engineer without any knowledge of the 
school committees. In the present context, the community was directly involved with the 
programme and also maintained detail of expenditure on a day to day basis. It was a totally 
bottom-up approach as a sharp contrast to the conventional practice. 
6.4 THE PROCESS 
Let us now look at the process adopted in the programme. The evaluation report (DFID, 1998) 
was used as the baseline information. However, a more rigorous reappraisal of the school 
buildings was carried out by the author with the help of the School Committees. This needed a 
series of meetings with the communifies to make them aware of their roles and responsibilities, 
the need for transparency, quality control, cost savings, etc. 
Defects of the buildings were identified and mapped by the author for each school with the help of 
Government engineers and the communities. The Government engineers also needed capacity 
building in defect mapping. The new system that was community-centred, needed more 
participation of the engineers than the contractor-based system. It was difficult for the farm 
labourer parents to come forward and attend the meetings. To suit their requirements, sometimes 
the meetings were organised early in the morning before they left for the agriculture field. The 
following is a description of the process of implementing the Repair and Upgrading Programme in 
Ranga Reddy district of Andhra Pradesh. 
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6.4.1 Capacity Building of Panchayati Raj Engineering Department and 
District Primary Education Programme Engineers 
A two-day capacity building workshop was organised by the author at the DFID office of 
Hyderabad in March 1999. The participants ranged from assistant architects to engineer-in-chief. 
The main objective of the exercise was to develop inquisitiveness among the young engineers 
through formal methods of condition survey, defect diagnosis and possible recommendations. It 
was participatory and had generated interest among the participants including the senior 
engineers present in the workshop. After the basic theoretical input, the author organised a 
hands-on exercise on deficiency survey at the school sites in Ranga Reddy district, which were 
constructed with cost effective technologies. Interaction with the communities was useful for 
understanding and diagnosis of various deficiencies. The school teachers and the students were 
aware of the defects in their buildings from their early stage. Since they were not involved with the 
condition survey, they had no opportunity to share this knowledge with the engineers. 
6.4.2 Deficiency Survey 
The author, with the help of the Government engineers and the communifies, carried out 
deficiency survey. Several meetings with the schoolteachers, students and villagers helped in 
identifying the technical as well as design deficiencies of the school buildings. Before embarking 
on the deficiency survey exercise, the existing technologies were studied in detail. The design 
calculations of all the items were reviewed to recapitulate the idealisations and assumptions of 
the structural behaviour of the cost effective systems. Apart from that, openings and non- 
structural elements like doors, windows, etc., were also studied under separate heads. The detail 
of defect mapping is in Appendix Vill. 
6.4.3 Defect Analysis and Recommendations 
When the cost effective construction technologies under Andhra Pradesh Primary Education 
Project (1994-95) were being scrutinised by the Panchayati Raj Engineers, their main doubt was 
on the structural soundness of the technologies. Though, the structural stability of the 
technologies was established by calculations, lack of confidence was observed about the actual 
performance of the buildings under various loading conditions. 
The primary school buildings were constructed between July 1995 and August 1996. The 
deficiency survey carried out in 1999 revealed that the cost effective construction technologies 
were, structurally, as sound as the conventional systems. The survey report also revealed that 
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the community has in general appreciated the climatic comfort of most of the cost effective 
buildings. 
Let us now analyse the defects. The expected life span of structures may be reduced because of 
deterioration of concrete owing to poor workmanship, bad quality of materials, inadequate cover, 
faulty design, etc., (Vaidyanathan et al, 2000). The Repair and Upgrading programme of the 
buildings in Ranga Reddy district also revealed that the defects over time were also owing to the 
similar reasons observed by Vaidyanathan. Close examination of the Ranga Reddy building 
components showed that some of the defects needed immediate corrective actions. Otherwise 
these would lead to rapid deterioration of physical condition. This type of defects was termed as 
"Essential", e. g., soakage and (or) leakage through roofs, eroded bricks, eroded cement 
stabilised mud block and the like. While analysing the root cause of such defects it was found that 
OEssential" maintenance may be attributed to faulty design-detailing, use of low quality materials 
and/or workmanship. A project-wise data in this regard in presented in Appendix X. 
Painting of doors and windows were termed as "Preventive", as lack of these leads to slow 
deterioration of physical condition over time. Most of the schools were in acceptable condition 
and painting was not necessary. However, all the buildings were painted to make them look more 
attractive, especially to the children. 
The Repair and Upgrading programme was not restricted to the repair of the defects of the 
buildings alone. It probed into the design aspects of the spaces too. The latter revealed many 
interesting aspects of the classroom spaces, which are sometimes missed out by the designers. 
For example, incorrect orientation of the buildings at Kesavpur, Himayatnagar, etc., allowed 
disturbing direct sunlight into the learning spaces. As a result the schoolteachers were 
constrained to shift the classes to other sheltered areas. In order to make such spaces usable, 
"brick jaali*, a perforated masonry wall, was recommended. To overcome such problem in 
Kesavpur, the community decided to plant a tree at a convenient location so that it would stop the 
direct sunlight in the classroom. 
Use of visual campaign for the community as well as the classes was widely used to make the 
school more attractive, lively and vibrant place of learning. This type of expenditure has been 
termed as "Miscellaneous". The most important observation during the field investigation was 
the general lack of awareness for housekeeping. Appendix IX presents a detail report on of the 
deficiencies all the school buildings in Ranga Reddy district. 
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6.4.4 Estimation 
A simulation exercise was conducted to estimate rates for repair items. Suitable margin was kept 
to take care of uncertainties, e. g., a mason takes about ten minutes to chisel out an eroded brick 
and another ten minutes to replace it. At this rate, (s)he could repair about twenty bricks per day. 
However, it was decided that such data should be verified during implementation, so that a 
reliable rate analysis could be evolved to enable estimation of future repair projects. Based on the 
simulation exercise, the rates of repair items were calculated and the estimation of the Repair and 
Upgrading was carried out. Table X2 of Appendix X shows the estimated costs for all sites. 
6.4.5 Capacity Building of School Committees 
The first Rem under the implementation was awareness and capacity building of the end-users. 
Site planning and management of repair work was explained to the School Committees. Each 
school was provided with a site data book and the School Committees were trained to fill in data 
on a daily basis (Appendix XVII). Following this, the School Committees collected general data 
such as cash in, expenditure, keeping the master roll for the masons, etc., and kept meticulous 
records of daily progress with details like materials and labour components required fbr a 
particular type of work. Close observation of each school revealed that the data was authentic. 
6.4.6 Implementation 
The engineers of Ranga Reddy district was involved with the programme. They used to manage 
time out of their busy schedule to visit the implementation work. It may be noted that repair, 
especially a community based implementation programme, is supervision4ntensive initially and 
hence, needed adequate guidance from the Govemment engineers. By the end of third week of 
Apdl, 2000, many schools completed the repair work. The completed school buildings brought in 
a sense of achievement among the School Committees and the final product became an element 
of pride to the villagers. 
6.5 MAJOR FINDINGS OF THE REPAIR AND UPGRADING 
PROGRAMME 
The Repair and Upgrading Programme of Andhra Pradesh Primary Education Project was 
intended to document data on life cycle impacts of different construction technologies, especially 
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focused on cost employment opportunities and environment When the schools were constructed 
in 1995-96, the communities' roles were not very significant since they were not officially 
empowered to make decisions. However, the implementers took the consent of the community 
from time to time. In the Repair and Upgrading Programme, the community was directly involved 
with the programme that had brought forward many additional features including the life cycle 
impacts of different technologies. The process of community involvement has been put forward 
as background information for ease of understanding the context of life cycle impacts of the 
technologies. The analysis of Repair and Upgrading has been done in the following sequence. 
" Important observations on community involvement 
" Repair as a social opportunity - livelihood 
" Data base as a feedback to the designers, users and project managers 
* Ufe cycle Impacts 
6.5.1 Important Observations on Community Involvement 
The experience of community-based repair work reveals that it has reduced cost, helped in 
quality control, maintaining transparency and, above all, developed ownership of the school 
buildings. The day to day experience of working with the schoolteachers, students, the villagers 
and the engineers were recorded. The following are some of the important observations on the 
key stakeholders, which will help in understanding the complexities of a social infrastructure 
maintenance programme. 
SCHOOL TEACHERS 
A series of discussions took place at each school regarding integrating Teaching Leaming 
Materials with the civil works maintenance (Appendix XI). The schoolteachers and the students 
were storehouses of ideas, e. g., the maps were drawn by the teachers of Kesavpur on a blank 
wall close to the main entrance for the benefit of the community (Appendix XI). The 
schoolteachers motivated one Class V student to draw a water filtration process for the 
awareness of the community. The quality of such work is excellent and these have been mostly 
drawn on the boundary walls so that the community can visually access these campaigns. 
Appendix XI shows all these aspects. 
SCHOOL COMMITTEE 
In general, the School Committees showed interest in the repair work; but they were not too 
comfortable with the involvement of the school teachers in the implementation work. It is 
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interesting to note that the schoolteachers wanted transparency, whereas the School Committees 
were reluctant to keep records. Some of the village-heads (sarpanches) were more vigilant about 
what was happening in the schools to show their authoritative position, but they were of little help 
in repair work. 
February, March and April are the auspicious months for marriage in Andhra Pradesh. Hence, in 
these months, many schoolteachers and the School Committee members were busy in attending 
marriages of their friends and (or) relatives. Schoolteachers, masons and School Committee 
members stopped coming to the schools for two to three days at a stretch. This hindered the 
progress of the repair work. 
Cost Savings by the communities: It is important to note that the involvement of the communities 
in the present programme had reduced cost of repair work in many respects. Cost savings by 
negotiation with the material suppliers and the masons, etc., could not be quantified, although the 
amount was significant. 
Direct cost-savings by active participation of the schoolteachers and students in the repair work 
was monitored and recorded. Approximately Rs. 42,200 (E528) (Figure 6-2) was generated by the 
communities as a whole in the entire programme. Considering the poverty in Ranga Reddy 
district, the community generated savings is very significant and was an indicator of involvement 
and ownership. 
Figure 6-2: Community contribution and DFID investment on Repair and Upgrading Programme 
(1999-2000). (Rs. 80 = El) 
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Figure 6-3 The pie chart shows that the community contribution as an indicator of sustainability of 
the process. 
Community 
contribution 
7% 
DFID contribubon 
93% 
Source: Based on 
Appendix X, Table X. 8 
Some notes on ownership, transparencv and capacitv buildinq: School Committee meetings were 
held at all the schools for sharing information on the expenditure on repair. Apart from the Parent 
Teacher Association, villagers had also participated in the meetings. Many issues on school 
development were discussed and a sense of belonging to the school was observed to be in the 
process of development. The active participation of the community in the planning and execution 
of the repair works increased their capacities for future repair works. 
6.5.2 Repair as an Opportunity for Livelihood 
Repair is usually viewed as a liability by most of the Government engineers in Ranga Reddy. 
However, the experience of Repair and Upgrading programme has shown that it is an opportunity 
for local livelihood, enhancing construction skills, extending life span of the building etc. The 
repair projects must be planned and documented so that the infrastructures continue to function 
over their life span. Unfortunately most of the Government-built infrastructure met with premature 
death owing to lack of maintenance, which was evident during the condition surveys conducted in 
Andhra Pradesh (Imran, 1999). In many instances, new infrastructure has been created simply 
because the existing facility is in a poor condition owing to inadequate maintenance. 
Let us now analyse the impact of the Repair and Upgrading Programme on livelihood. The 
programme had created a number of working days for the construction workers in Ranga Reddy 
district. Most of the construction technologies adopted in Andhra Pradesh Primary Education 
Project used local materials and manpower. During the repair, local masons and labourers were 
engaged for about four months. The following pie chart shows that 40% of the investment on the 
present project went to the local masons and labourers (Figure 6-4). On a comparative basis, if 
there are two technologies with the same unit cost of construction, the one that offers more 
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working days to the masons and helpers, would be preferable in the Indian rural context. 
However, one has to examine the Life cycle implications in this regard. It should be noted that 
each working day of a construction worker on an average supports food and other expenses of a 
family of five. 
Figure 6-4: The average percentage of labour and material cost in repair 
Labour 
40% 
Material 
60% 
Source: Based on Appendix X, Table X. 3 
Figure 6-5 The employment opportunity of one skilled mason and two unskilled workers 
generated by the Repair and upgrading programme 
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SKILL ENHANCEMENT: 
The masons selected for the Repair and Upgrading Programme were taken to the school sites 
and the causes of defects were explained to them, e. g., use of materials not conforming to the 
specifications, inadequate curing, etc. In a few villages, the masons who originally constructed 
the schools in 1995-96, joined the repair work. Thus they had the opportunity to have a close look 
at the workmanship-related defects of their own works. In the process, skill enhancement has 
been observed in terms of quality of the repair works. The purpose of this exercise was to train 
the masons so that they could act as local resources for future repair works at district level. 
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Figure 6-6 The impact of Repair and Upgrading Programme on local level livelihood. 
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The investments on cement, steel, polymeric paints, etc., for the repair works went out of the 
villages, since these were brought from outside the district, except that the local distributors of 
construction materials received about 10-15% of the total cost of the materials as agency 
charges. The repair work was based on locally available materials and techniques and hence, the 
programme benefited the businessmen and construction workers in the villages. In general, the 
villagers of Ranga Reddy district were farm labourers and small-scale businessmen. The average 
family incomes of most of the villagers were not adequate for maintaining a family of five. 
Therefore, repair work, though short lived, was an opportunity for them to enjoy additional 
facilities for their family members. For example, a local painter in Ranga Reddy (West) earned 
about Rs. 10,000 (E125). He employed five helpers to carry out the work and hence, supported 
about another twenty-five children and adults for about two weeks. 
However, it may be noted that the well-being of a family is not merely the economic improvement 
only. It requires a variety of socio-cultural factors to determine the well being or satisfactory life in 
a community (Reddy, 2002). A survey was conducted in all twenty eight sites in Ranga Reddy 
district by interacting with the construction workers about what they did at home, how they spend 
money, etc. The survey revealed that, with increase in income, their first priority was to spend 
money on more food and then on medical facilities, purchase clothes, etc. (Figure 6-7). It is 
interesting to note that most of these observations tallied with the observations by Reddy (2002), 
which was found through a participatory poverty assessment study conducted in Indian villages 
(location not mentioned). 
Figure 6-7 The income-muttiplier effect. 
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6.5.3 Database as a Feedback to the Designers, Users and Project 
Managers 
It has been mentioned before that many of the defects were caused by lack of housekeeping. 
Apart from that there were defects caused by inappropriate detailing and design, faulty 
workmanship and poor quality materials. The following chart shows the different categories of 
defects occurred in Andhra Pradesh Primary Education Project 
Table 6.1 The frequency (in percentage) of various defects owing to design, materials and 
workmanship faults in the school buildings at Ranga Reddy. 
Defects owing To Out of total requency of I 
number of occurrence (%) and 
buildings actual numbers 
Design 
D1 Direct sunlight in the classroom 29 28%(8) 
D2 Door and window shutters opening inside- unsafe 29 34%(10) 
D3 Open verandah- distraction 29 45%(13) 
D4 Rainwater penetration- no chuja 29 14%(4)) 
D5 Rainwater penetration- no roof vent 5 40%(2) 
D6 Rainwater penetration- low sill height 29 3%(1) 
D7 Cracked cement stabilised mud block (10%) 2 100%(2) 
D8 Lintel cracks 29 10%(3) 
D9 Roof leakage - through cracks 29 3%(1) 
D10 Disturbed roof tiles- wind uplift 6 50%(3) 
D11 Eroded cement stabilised mud block (5%) 4 75%(3) 
D12 Gable wall cracks 9 67%(6) 
D13 Damaged frameless doors and windows 5 100%(5) 
D14 Joint crack- ferrocement channel 1 1000/. (1) 
D15 Rainwater - no drip course 29 14%(4) 
Materials 
mi Defective doors and windows 29 62%(18) 
M2 Eroded bricks 18 67%(12) 
M3 Eroded cement stabilised mud block (1 O'Yo) 2 50%(1) 
Workmanship 
I 
W1 oof leakag - soaking 29 38%(11) 
W2 Stone concrete block wall soakage 5-1 20%(1) 
Source: Based on Appendix IX, Table IX. 29 
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As explained in 6.4.3, the types of defects were subdivided into three, viz., 'Essential', 
'Preventive' and 'Miscellaneous'. It may be recalled that the "Essential" repairs were owing to 
faulty design, workmanship and materials, and deteriorate rapidly if not rectified in time. 
"Miscellaneous" were those interventions, which improved the existing designs of the classrooms. 
Preventive maintenance is the periodic cleaning, painting, etc. The following is the distribution of 
these three types of expenditure under the Repair and Upgrading Programme. 
Figure 6-8: The percentage distribution of total cost of repair for correcting different types of 
defects. 
Miscellar 
240) 
Preventive 
36% 
Essential repair 
40% 
Source: Based on Appendix X, Table X. 6 
The Figure 6-8 shows that the highest percentage of investment was on the essential repairs. An 
in-depth investigation on this type of defects revealed that essential repair resulted from faulty 
workmanship, poor quality materials and faulty design and detailing (shown in Table 6.1). The 
above Figure 6-9 shows that within the "Essential" repair, 49% of the expenditure was owing to 
faulty design decisions. Therefore, by referring to the types of defects shown in Table 6.1 at 
design stage, one could reduce future maintenance costs. Use of faulty materials may be 
attributed to poor quality control by the engineers. However, in the present context, the eroded 
bricks were owing to a manufacturing defect, which could not be detected at the time of 
construction. The brick manufacturers of Ranga Reddy district were informed about the erosion of 
wire-cut bricks produced by them and, as a consequence, they had appointed a specialist to 
investigate the matter. The low percentage of workmanship defects indicates that the construction 
skill was good. This clearly indicates that the technologies could be disseminated. 
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Figure 6-9 The percentage distribution of total cost of essential repair for correcting 
workmanship, materials and design-related defects. 
Workmanship 
26% 
Design 
49% 
Material 
25% 
Source: Based on Appendix X, Table X. 7 
The buildings, once constructed, are rarely visited by the designers in the Government sector and 
hence, small defects, which show up after a few rainy seasons, lead to major maintenance 
problems. The Repair and Upgrading programme was an attempt to demonstrate that a timely 
intervention is economic and prolongs building-life. 
6.5.4 Life Cycle Impacts 
Figure 6-10 shows the distribution of essential, preventive and miscellaneous intervention costs 
per square metre of plan area. These expenditures were under the Repair and Upgrading 
programme undertaken in 1999-2000. Figure 6-10 is based on the data provided in Table X-11, 
Appendix X, which shows the expenditure under three heads (essential, preventive and 
miscellaneous) for all the sites in Ranga Reddy district. As with the chapter 5 on new construction 
of the school buildings in Ranga Reddy, the same sixteen out of twenty nine sites have been 
considered for life cycle data analysis. The rest were either similar technologies or conventional 
systems. The data provided in Table X. 1, Appendix X have been converted into cost per square 
metre of plan area. These data were scrutinised and approved by the Panchayatiraj Engineering 
Department, Government of Andhra Pradesh. It may be noted that the main focus of this section 
has been on the quantitative aspects of the repair work in Ranga Reddy district. This will help us 
to assess the life cycle impacts which have been explained in detail in chapter 11. 
Let us first analyse the pattern of expenditures on essential, preventive and miscellaneous 
interventions (1999-2000) in Figure 6-10. In Chilkoor, Chin namangalaram and Medipally, the 
miscellaneous costs were high. At Chinnamangalaram, construction of a circular podium for the 
children to sit under a tree was a value addition to the school environment. In Medipally, the 
School Committee members constructed screen walls to convert veranda-classrooms into closed 
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spaces. This was done since the community wanted to stop people from playing cards in the 
semi-open classrooms after the class hours and on holidays. However, this went against the main 
objective of planning classrooms as a combination of closed and semi-open spaces for comfort in 
summer, since most of the schools did not have electricity. In general, items such as painting on 
walls, gardening, additional chalkboards, etc., were added to the existing school. The 
communities were proud of such value addition to the school campus. 
Figure 6-10 The distribution of costs on essential, preventive and miscellaneous Repair and 
Upgrading works (1999-2000). Rs8O = El. 
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Some of the schools carried out extensive artwork in the classrooms and had made visual 
campaign for community awareness on health, hygiene and general education. There was no 
expenditure on miscellaneous items at Kismatpur (conventional) Puppalguda, Kokapet, Gandipet, 
Himayatsagar etc., as shown in Figure 6-10. The miscellaneous expenditure was an indicator of 
community awareness and involvement in the programme. Appendix IX shows a list of items 
adopted by the communities for the enhancement of school--environment, which will act as 
guidelines for the architects engaged in school design. 
The expenditure on preventive maintenance depended on both design and technology. For 
example, the least preventive maintenance at Anatharam was owing to its low wall height of 
1800 mm with corbelled brick arch roof, which varied between 2100 mm to 3000 mm for the other 
technologies. Thus the internal plastering and painting cost at Anantharam was low. Apart from 
that the underside of the corbel brick arch roof had cement pointing and hence, there as no 
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expenditure on ceiling painting. All these factors contributed to make the preventive maintenance 
cost at Anantharam the minimum (Rs. 47, i. e. EO. 59 per square metre) as shown in Figure 6-10. 
The preventive maintenance cost at Turkapally (Rs. 52, i. e., EO. 65 per square metre) was close to 
Anantharam for similar reasons. The variations in preventive maintenance costs in Figure 6-10 
were owing to the area of painting depending upon wall height requirement of ceiling painting, 
requirement of plastering and painting on external face of the walls, etc. Let us now look at the 
expenditures on essential repairs shown in Figure 6-10 under the Reapir and Upgrading 
programme in 1999-2000. The technologies adopted in Ranga Reddy have been broadly 
categorised into steel and cement4ntensive wall and roof, brick wall and filler slab, cement 
stabilised mud block wall and pre-cast roof and brick-intensive wall and roof. The following 
sections analyses the essential repairs. 
GROUP I- STEEL AND CEMENT4NTENSIVE WALL AND RoOF. 
Stone concrete block masonry wall, reinforced concrete slab, reinforced concrete plank and joist 
reinforced concrete channel roofing are under this group. These are either cemept-intensive or 
cement and steel4ntensive. Group-I systems were adopted at Kismatpur (conventional), 
Surangal, Chilkoor, Medipally, Chinnamangalaram, and Sreeramnagar. Excepting conventional 
system, the main objective of Group-1 systems was to reduce the use of energy intensive and 
costly materials in construction. This has been done by adopting form-active spanning systems 
such as channel section, in which the self weight is reduced significantly. The use of cement 
concrete blocks with 190 mm wall thickness had reduced material consumption and at the same 
time 290 x 190 x 100 (mm) block size had reduced mortar consumption. 
There was no defect in the foundation, which was load bearing coursed rubble stone masonry in 
1: 6 cement sand mortar. Stone concrete blocks had developed seepage problems in Surangal 
and Sreeramnagar owing to lack of quality control. Other than this, the performance of the block 
masonry was good. 
Most of the classrooms in Andhra Pradesh Primary Education Project were 5.5 metres wide. As 
the economic spans of the pre-cast roofing systems are around 3.6 metres, a beam was 
introduced in the classroom as an intermediate support to reduce the spans. This had also 
reduced self-weight of the pre-cast elements which made manually operated erection easy. The 
most important aspect of this type of system is to consider the inevitable thermal movements of 
the pre-cast components while doing the architectural detailing at roof level. This was not done at 
places such as Chinnamangalaram. 
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In January 2000, it was noticed that thermal movements caused cracks at the joints (in 
Chinnamangalaram, etc. ) where two pre-cast components were supported on the intermediate 
beam. Since linear expansion of the pre-cast units along spans was more than in the lateral 
direction, a crack developed in the top screed of the roof along the length of the supporting beam 
(Figure 6-11). This may be attributed to a design mistake since the designer should have 
considered this type of movement while detailing the roof. The high cost of essential repair at 
Chin namangalaram shown in Figure 6-10 was owing to these reasons. The crack caused minor 
water seepage but there was no threat on the structural safety of the roof. The essential repair 
cost of the conventional roof was high owing to the repair of the waterproofing treatment. 
Figure 6-11 : Plan of a classroom shovAng the central reinforced cement concrete beam acting as 
a support to the pre-cast elements. 
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The essential repair at Chilkoor enhanced the classroom environment. Keeping the openings too 
high in the semi-open classrooms was a design mistake that allowed rain to come in and hence, it 
was corrected. Stone concrete blocks were used to reduce the openings to the required size at 
Chilkoor. 
Inadequate seasoning of the local timber in doors and windows led to geometrical deformation. 
The most commonly occurring defect was the damaged hinges and tower bolts, which could be 
attributed to the students' habit of playing with the shutters. These were repaired at Kismatpur 
(conventional), Chilkoor, Chin namangalaram, Surangal and Sreeramnagar. Apart from that, 
vandalism by the villagers in a few places caused damage to the doors and windows. The paint 
on doors and windows were in just acceptable condition and hence, it was the right time to carry 
out the repainting exercise to prevent deterioration of the physical conditions. The Tandur stone 
flooring was in very good condition and turned out to be almost "preventive" or "corrective" 
maintenance-free. The white wash on the interior surfaces were in acceptable condition. 
However, as a preventive action, all the interiors were painted. 
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GROUP 2- BRICK WALL AND FILLER SLAB ROOF 
This group reduced the consumption of brick and cement by adopting rat-trap bonded wall. The 
cement and steel consumptions were reduced by using reinforced cement concrete filler slab 
roofs, which was lighter than reinforced cement concrete slab. The walling system performed well 
over time, except erosion of some bricks, which was owing to a manufacturing defect. Minor 
repair of the pointing was also done. The roof performed reasonably well, except in Luxmapur 
where poor workmanship caused soakage. The technical support group, who promoted this 
technology, introduced flat arches made of bricks in openings for the doors and windows. In 
almost all the places, the flat arch cracked owing to settlement of the buildings, which was up to a 
maximum of 50 mm. 
The most commonly occurring problem was the frameless doors and windows. The wooden plugs 
inserted into the wall came out since wind stays were not provided. The students caused most of 
the damages to the doors and windows by playing with them. It appears that there is a need for 
mal(ing the doors and windows robust enough to take the additional wear and tear caused by the 
students. As with the other groups, the condition of painting was in acceptable condition. 
GROUP 3- CEMENT STABILISED MUD BLOCK WALL AND PRE-CAST ROOFS 
The main objective of the group-3 technologies was to adopt cement stabilised mud block as 
walling system and roofs with ferrocement channel, jack-arch, micro-concrete file, stone, etc., 
where the consumption of cement and steel were lower than reinforced cement concrete. The 
group-3 technologies were adopted at Himayatsagar, Puppaiguda, Kokapet and Gandipet. 
There was no defect in the foundation, which was load bearing coursed rubble stone masonry in 
1: 6 cement sand mortar. Stabilised mud block masonry wall with five percent cement stabilisation 
was used at Puppalguda, Kokapet and Gandipet except Himayatsagar, where ten percent 
cement stabilisation was used. Ferrocement channel roofing was used at Himayatsagar. Micro- 
concrete file roofing and jack-arch was used at Puppalguda and Kokapet. Stone slab roofing on 
precast reinforced concrete joists was used at Gandipet. All these technologies have been 
explained in Appendix III and IV. 
Erosion of cement stabilised mud block was a major problem at Gandipet, Chandanagar, Kokapet 
and Puppalguda. This need not necessarily be viewed negatively while evaluating performance of 
this technology. Every material has its own limitations and the solution lies in designing around its 
weakness. For example, cement stabilised mud block should be sheltered, as far as possible, 
from direct rain water at roof and plinth levels. In Gandipet, high unprotected walls accelerated 
the erosion of the cement stabilised mud blocks. High cost of essential repairs at Himayatsagar, 
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Kokapet and Gandipet (Figure 6-10) may be attributed to these reasons. Groove pointing of the 
masonry added to the problem of erosion by exposing more surface area to the rains. 
There were other important observations on the performance of cement stabilised mud block. In 
some of the schools, it was noticed that the children, while playing, run around the building with 
their fingers touching the walls continuously. This had damaged corners as shown in the 
photograph (Figure 6-12). Similarly in Kokapet lack of comer protection created water stain and 
also seepage. Loss of chunks of materials was observed at Kokapet that may be affributed to 
lack of quality control during block making. 
Figure 6-12 Showing wall comers damaged at Gandipet owing to handling by the pupils 
< a) 
0 
U) 
Figure 6-13 Showing stain on wall owing to the absence of a drip course atjoist-ends 
The roofs adopted under this category were Jack-arch and sand stone roofing on pre-cast joists, 
micro-concrete tile roofing on steel under-structure and timber purlins. Let us look at the 
technologies one by one. jack-arch roofing had performed well. However, at Puppalguda seepage 
through the waterproofing plaster was observed. The absence of a drip course at pre-cast joist- 
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Source Author 
ends in Puppalguda had created black stains on the wall (Figure 6-13). The Sand stone roofing, 
in general, did not have any major problem. 
Micro concrete tie roofing did not have major complaint. However, at Puppalguda the students 
pelted them with stones for fun, which broke the tiles (Figure 6-14). The villagers sited this as the 
inability of the roof to withstand the impact of stone. Although the damaged ties were replaced, 
the headmaster was reminded that the teachers should discipline their students so that they do 
not destroy their own school. 
Figure 6-14 Damaged micro concrete tiles at Puppalguda, caused by the students'habit of pelting 
them with stones. 
V 
Source: Author 
Figure 6-15 Thermal cracks in pre-cast ferrocement channels facing west at Himayatsagar 
Ferrocement channel at Himayatsagar had posed a problem owing to the thermal expansion of 
the channels. In addition to this, the wall facing West was subjected to intense solar radiation in 
summer leading to thermal expansion. The 150 mm thick walls could not bear the tensile stresses 
and hence, the walls had a mild vertical crack, which has been explained in Figure 6-16. This was 
not observed on the Eastern wall. 
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Source: Author 
Figure 6-16 The cracks developed owing to the theffnal expansion of the ferrocement channels 
and the west facing wall at Himayatsagar. 
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Owing to mishandling by the students and also because of the poor quality of materials, doors 
and windows were damaged and had to be repaired at Kokapet, Gandipet and Puppalguda. As 
observed in other groups, the condition of the paints on doors, windows, walls, etc., were in 
acceptable conditions. 
GROUP 4- BRICK-INTENSrVE WALL AND ROOF 
The main objective of this system was to ma)dmise the use of locally available bricks, which was 
supportive to income generation. To lower cost, the consumption of brick was reduced by 
adopting rat-trap bonded wall and pyramid roof, in which, wall height required was 2.1 metres 
compared to 3 metres in case of flat roofs. Group-4 technologies were adopted at Turkapally, 
Jaggamguda, Lalgadimalakpet, Anantharam. 
Coursed rubble stone masonry in cement mortar was used in the foundation and there was no 
defect owing to differential settlement of foundation. Rat-trap bonded brick-masonry wall was 
used in all the buildings under this group except Turkapally, where a combination of 115 mm brick 
wall and 230 mm solid bricks wall was constructed. Rat-trap bond is explained in Appendix Ill. 
Brick pyramid was used at Majeedpur, Turkapally, Lalgadimalakpet and Jaggamguda. Corbelled 
brick arch roofing was used at Anantharam and hybrid slab was used at Muduchinthalapally. All 
these technologies are explained in Appendix Ill and IV. 
The rat-trap bonded wall did not have any major problem, excepting that some bricks at 
Turkapally and Jaggamguda were eroded owing to manufacturing defects. When the brickfield 
owners were contacted in this regard, they informed us that they had also received complaints 
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Vertical cracks more prominent on the 
western wall than the eastern 
from the users and had rectified the production process accordingly. The eroded bricks were 
chiselled off and new bricks were placed in position with cement mortar. 
There were four corbelled brick pyramids at Turkapally. One out of the three had soakage 
problem, which may be attributed to surface cracks owing to insufficient curing. The second one 
had soakage at one of its edges. The rest of the pyramids had performed well and therefore, it 
appeared that the technology could be durable. However, the community was insistent that the 
entire roof must be treated and hence, the cost of essential repair went up. This had increased 
the cost of essential repair as shown in Figure 6-10. 
Figure 6-17 Thermal cracks on the waterproofing plaster on corbelled brick pyramid at Majeedpur 
Source: Author 
As observed at most of the sites under Andhra Pradesh Primary Education Project, the doors and 
windows were damaged by the students. The worst situation was at Jaggamguda. The hinges, 
tower bolts and window stays were damaged. Considering the situation, it may be suggested that 
the door and window and door fixtures should be designed by assuming that two students will be 
hanging from the handles and top of the shutter. The conditions of the paints on doors, windows, 
walls, etc., were acceptable. 
The semiýopen veranda as classrooms at Turkapally used to cause distraction of the pupils and 
to solve this problem, the School Committee had built a 1500 mm high wall. Funding was raised 
from the community, which was an excellent example of ownership and enthusiasm. 
Let us now look at the life cycle costs based on the essential and preventive interventions shown 
in Figure 6-10. It may be noted that the miscellaneous expenditure is unlikely to occur repeatedly 
in a building life. Therefore, only the life cycle implications of the essential and preventive 
maintenance have been considered in Figure 6-18 based on the following. 
0 Discount rate has been assumed to be at the rate of 13%, which was the fixed deposit 
interest rate (more than 2 years) offered by the United Bank of India (LIBI, 1996). It is 8% in 
2006 (UBI, 2006) 
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Inflation at the rate of 8% for the period 1995-96 (ICRIER, 2003-2004). Based on annual 
price index from the Economic Survey, GOI (2001-2002: 110) and GOI (2003-2004: 87). The 
inflation rate in 2006 is 5.5% (RBI, 2006). 
All the costs have been recalculated in 1996 rates, which are in Appendix X. 
0 Life span of the school buildings 50 years (IS 875,1987). 
Figure 6-18 Life cycle essential and preventive repair costs of the four groups of technologies. 
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It has been mentioned in chapter 5, that the designs adopted at different sites were different. The 
plinth heights at different sites, with respect to the near-by roads, were also different. Therefore, 
this chapter will analyse the village-specific life cycle impacts of construction technologies, 
designs and plinth heights on socio-economy and environment per unit plan area of the schools 
in Ranga Reddy district. In chapter 11 on life cycle impact assessment, a classroom of 5.5m x 
5.5m internal dimensions and uniform plinth height have been assumed to compare the socio- 
economic and environmental impacts of the construction technologies. Figure 6-18 shows the 
pattern of essential and preventive maintenance costs of various technologies adopted in the 
schools in Ranga Reddy district. The initial unit cost of construction has also been presented in 
the graph for comparison. Figure 6-18 shows that steel and cement-intensive technologies had 
more life cycle preventive maintenance cost than essential at Surangal, Chilkoor, Medipally. For 
conventional and Chin namangalaram, the life cycle essential maintenance is higher than the 
preventive. The cement stabilised mud block walls with pre-cast roofs at Himaysagar and 
Gandipet had more or less equal expenditure on preventive and essential maintenance. The 
brickAntensive systems at Jaggamguda and Turkapally were also similar to Himayatsagar and 
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Gandipet. Life cycle essential repair costs were low at Medipally, Sreeramnagar, Anantharam and 
Lalgadimalakpet. 
LIFE CYCLE Socio-EcONOMic AND ENVIRONMENTAL IMPACTS 
Four years after the schools under Andhra Pradesh Primary Education project were constructed; 
an intervention took place in 2000. As mentioned before, the cost of intervention has been 
categorised into 'Essential", 'Preventive' and "Miscellaneous'. The essential cost had the 
urgency of repair; however, such interventions were not likely to be required as frequently as the 
preventive intervention. The water roofer's other works in Ranga Reddy were inspected. It was 
observed that his treatment was surviving quite well even after ten to twelve years. Therefore, the 
frequency of essential repair was conservatively assumed to be ten years. The author interacted 
with the Government engineering department of Delhi, West Bengal, Orissa etc. to find out if they 
had data on similar issues. However, no such data was available. 
One of the important aspects of the Repair and Upgrading programme was the communities' 
interventions in the designs. There were examples of open verandas provided by the architects 
for comfort in summer. However, in places, the winter wind, distraction of the pupils, etc., 
hampered the normal functioning of the verandas and the community had raised low-height walls 
to solve both. In Kesavpur, the direct sunlight used to disturb the classrooms. As a solution the 
school teachers had planted a local tree next to the classroom. The architects can make a 
checklist based on the Ranga Reddy experience so that they do not repeat the mistakes. 
The e)dsbng physical conditions of the plaster, painting, etc., in the schools were acceptable. 
However, some defect as peeling off and discolouration of paints, damaged door hinges, flooring, 
etc., were noticed. By the time the physical repair started, most of the buildings were a little more 
than four years' old and it was just about the right time for a preventive maintenance in form of 
painting and minor repairs. An interaction with the local people revealed that they paint their 
houses after every three to five years. There were many such houses in the villages of Ranga 
Reddy of age varying between 75-100 years. The painting contractors in sever-al villages reported 
that a building should ideally be painted after every three years. However, they opined that it can 
be Stretrhed up to four years considering the low rainfall rate in Ranga Reddy. Considering these, 
it may be reasonable to assume the frequency of preventive maintenance as four years. 
The repair costs of May, 2000 were recast by adopting 1995-96 rates to calculate the percentage 
of essential, preventive and miscellaneous items with respect to the actual project investment It 
may be noted that the major essential repair was waterproofing of the roof, which has been a 
problem for many years in the building industry. While implementing the Repair and Upgrading 
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programme, many Government buildings were found to have leaking roofs, which rapidly reduced 
their durability. The Panchayatiraj engineers reported that, according to their experience, a 
corrective maintenance after every ten years is required for the school buildings. However, they 
can not do that because of fund shortage. Therefore, in this context, a discounted cost of the 
essential repair works have been calculated with a frequency of ten years. 
Miscellaneous costs were not considered while calculating the life cycle impact assessment. The 
main reason is that, while some communities were conscious and hence, spent money on design 
enhancement, the others did not consider that to be important. Therefore, although this is an 
important aspect, non-uniformity was the main reason for not considering it. 
The following figure shows the life cycle impacts of the buildings at different sites, which were 
built by adopting different construction technologies in 1995-96. The Figure 6-19 indicates that 
there is a significant variation in life cycle recurring cost of different technologies and different 
architectural designs. Therefore, it will be more meaningful to compare whole life costs of the 
different components of the buildings, i. e., the wall and roof. Since no defect was found in 
foundation, it has been kept out of the calculations. 
Unit cost 
Figure 6-19 The life cycle costs of the school building in Ranga Reddy district. Rs80 = El 
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The life cycle costs have been shown in Appendix X. The process of calculation is shown in File-3 
of Figure 1.7. The life cycle costs of the schools in Ranga Reddy district have been shown in 
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Figure 6-19. The main reason for high life cycle cost of conventional system was the repair of roof 
water proofing and repairs of wall plaster (Rs. 990, i. e., E12.4 per square metre). One of the 
reasons for high life cycle cost at Chinnamangalaram was the correction of the thermal cracks at 
roof (Rs. 747, i. e., E9.33 per square metre). The least discounted-recurring cost was at Anathararn 
(Rs. 231, i. e., E2.9 per square metre) with a corbelled arch roof. The 1: 4 cement sand mortar with 
cement slurry paint as waterproofing worked well and did not develop any significant crack or 
soakage in the roof. An inspection in December, 2003 revealed that the roof at Anantharam, even 
after 8 years, was in good condition. The high discounted-recurring costs at Luxmapur, was 
owing to the defects in the roofs already explained under the group-2 technology. Figure 6-19 
shows that, on the whole the recurring costs of most of the schools were less than half of the new 
construction costs. 
Retention 
Figure 6-20 shows that the total retention of money out of the investment on Repair and 
Upgrading programme in 1999-2000, was very significant, except at Kismatpur (conventional) 
Turkapally and Sreeramnagar. The cement and Sailo-xe-crete, a polymer-based paint, was used 
at these three sites for water proofing and underside treatment of the filler slab. This was the 
main cause of most of the money going out of the district. The life cycle retentions owing to 
essential, preventive and miscellaneous could not be shown separately in this discussion. Such 
divisions could not be made during data collection per site since there were about thirty to forty 
repair items at each construction site. However, life cycle retention has been calculated in 
chapter 11 while different combinations of walling and roofing systems have been calculated. This 
could be done based on the performance of elements like plastering, waterproofing, painting, etc. 
Figure 6-20 The retentions within the district owing to the investment on Repair and Upgrading in 
each village in 1999-2000. Rs8O = El 
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Income qeneration for construction workers. 
Let us now examine the employment opportunities created by the Repair and Upgrading 
programme in 1999-2000. Figure 6-21 shows that Jaggamguda, Kokapet, Himayatsagar, 
Chin namangalaram, Luxmapur, etc., had created high employment opportunities compared to 
that of the initial construction. On the whole, A may be said that the life cycle implications of 
different construction technologies on local employment could be substantial as evident in the 
Figure 6-21. It may, therefore, be important to review this aspect while selecting technologies for 
a particular social infrastructure development programme, where unemployment problem is 
crucial. Figure 6-21 shows that Anantharam had the least employment generating technologies. 
At Chin namangalaram the life cycle employment is about three times of its initial labour. 
Figure 6-21 The Iffe cycle livelihood opportunities for the construction workers. Rs8O = El. 
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Life Cycle Energy consumption 
The Repair and Upgrading programme had increased embodied energy of the existing school 
buildings under Andhra Pradesh Primary Education Project. In this section, the non-renewable 
energy component has been considered owing to its high importance. It may be noted that the 
exact division of embodied non-renewable energy under essential, preventive and miscellaneous 
interventions could not be done because of a very large number of items involved under the 
repair programme. However, the database on essential, preventive and miscellaneous repair for 
the walling and roofing technologies was documented precisely. Therefore, in this section, 
embodied non-renewable energies for the preventive and essential repairs have been combined 
to have an idea on the environmental impact of the repair work. The average of four years for 
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preventive repair and ten years for essential repair, i. e., seven years, has been assumed for 
calculating the life cycle embodied energy, which is shown in Figure 6-22. It may be noted that 
data on embodied non-renewable, renewable and waste energies have been calculated in 
chapter 9 for the walling and roofing systems, which will be used in the chapter 11 on life cycle 
analysis. 
Figure 6-22 The initial and life cycle embodied non-renewable energies. 
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The conventional system had the highest non-renewable energy consumption in Ranga Reddy 
district since it was cement and steel-intensive. It may be noted that high life cycle non-renewable 
energy consumption at Surangal, Sreeramnagar, etc., were because of the use of cement and 
polymer based elements in the waterproofing works. The use of cement-poiymer paint on 
ferrocement channels increased non-renewable energy at Himayatsagar. It may be noted that the 
doors and windows were stolen at Surangal. These were replaced with steel doors and windows 
to lower the cost and also to avoid termite problems. The use of steel had increased the non- 
renewable energy consumption at Surangal. The brick-intensive buildings at Turkapally, 
Anantharam, Jaggamguda, etc., had low life cycle embodied non-renewable energy because rice 
husk was used for brick burning in Ranga Reddy district. 
ý11 
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SUMMARY OF FINDINGS 
The life cycle impacts of various construction technologies on maintenance cost, labour intensity 
and embodied energy had wide variations. There is a significant employment generation potential 
from repair. The steel and cement-intensive technologies had lower expenditure on essential 
intervention than preventive maintenance. The high life cycle non-renewable energy consumption 
of repair at a few places may be attributed to the cement and steel intensive interventions. 
The financial burden on maintenance can be greatly reduced with appropriate design and 
detailing at planning stage. Figure 6-9 shows that almost half of the repair cost was owing to 
faulty design and detailing. Architects and engineers may refer to the Table 6.1 as a checklist to 
avoid the design and detailing-related defects. 
The expenditure on miscellaneous intervention may be an indicator of community involvement 
and awareness. Raising a small amount of funds from the communities may not be difficult since 
villagers in Ranga Reddy have the tradition of paying for the Vidya volunteers (para teachers). In 
a school like Kesavpur, the community raises Rs. 1 200 (El 5) per month towards the salary of two 
additional para teachers (Vidya volunteers). Therefore, if ownership is developed, timely 
maintenance will be possible. 
The database generated in the Repair and Upgrading Programme under the Andhra Pradesh 
Primary Education Project is a step towards assessing life cycle impacts of different construction 
technologies adopted in Ranga Reddy district. A rapid visual inspection of the buildings was 
conducted by the author in December, 2003 to examine the conditions of the buildings ever since 
it was repaired in 2000. It may be noted that it was a visual inspection only and there was no 
formal documentation. This visual inspection revealed that the assumptions of four and ten years 
for the preventive and corrective repair appear to be reasonable. However, one more 
investigation is required to ascertain the frequency of corrective maintenance. The major strength 
of the database on repair is that the buildings in Ranga Reddy district were constructed under the 
same level of quality control and are ageing under the same geo-climatic and social setting. 
Therefore, it is like a laboratory and a constant monitoring on the performance of the buildings will 
strengthen the database on their life cycle impacts. In the later part of this dissertation, this 
database has been adopted to forecast life cycle impacts of the different construction 
technologies. 
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CHAPTER 7 IMPACT ASSESSMENT: MODEL 
7.1. BACKGROUND: 
Chapter 5 and 6 demonstrate the impact of different construction technologies on socio- 
economic and environmental aspects in the Ranga Reddy district of Andhra Pradesh. The 
analysis showed such impacts in two stages, i. e., for new building construction and its 
maintenance. Chapter 5 demonstrated the impacts of new construction of school buildings 
(constructed in 1995-96) based on different plan forms and technologies. Chapter 5 shows 
the extent of impact on society, economy and environment (embodied energy and C02 only), 
caused by maintenance of the same buildings after about four years (2000) when they were 
revisited, evaluated and necessary corrections were made. Although, these examples are 
site-specific and with different plan forms, they provide a quantitative picture of what actually 
happens when buildings are constructed and then maintained. Therefore, the experience and 
the process may be utilised to develop an impact assessment tool for other contexts with 
modifications of the unit costs and embodied energies according to the local conditions. Such 
a tool will help the decision makers to understand the implications of different construction 
technologies and enable them to make informed choices for social infrastructure planning. 
This may particularly be useful for the Government policy makers, who have been facing the 
challenge of supplying the basic minimum services to citizens. 
Decision making in India takes place at several levels of administration, starting from the 
Union Government in New Delhi to the village level through the State Governments, District 
and Block administrations. This chapter attempts to develop a simple tool for impact study 
that may be used by the decision makers. However, the results of such studies may be 
presented in user-friendly formats for the decision makers and stakeholders at different 
levels of infrastructure planning to make the process transparent and understandable. It is 
expected that such tools based on Andhra Pradesh Primary Education Project experience will 
lay the foundation for similar regional level data collection in other contexts to make a 
national level database centre for sustainable decision making on infrastructure planning in 
different parts of India. 
At this point, it may be important to discuss the domain of the impact-study tool. Since the 
main focus of this dissertation is on achieving sustainable social infrastructure in India, a 
detailed literature review has been canied out in chapter 2 to understand the intemational 
level policies and guidelines on sustainable development. In the light of the literature review, 
the impact assessment tool in this dissertation assumes that the social infrastructure 
development programmes should be community-centred and the Govemment should adopt 
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assessment of every project for sustainability. Based on the discussions in chapter 2, the 
impact assessment tool will be developed based on the following. 
1. Considering the magnitude of shortfall in basic minimum services (chapter 3) and the 
lack of adequate funding to supply them (Tenth Five Year Plan, 2002-2007), use of 
technologies to reduce the unit cost of construction will enable us to build more within the 
resources. 
2. The use of local materials and labour-intensive technologies will support the Government 
of India's efforts in Tenth Plan towards poverty eradication by creating more employment 
and income multiplier effect than the conventional cement and steel-intensive systems. 
3. While trying to achieve the above two points, care should be taken so that the materials 
and methods of construction do not recklessly deplete the natural resources. This may be 
achieved by adopting the following. 
" By using materials of low embodied non-renewable energy in construction, 
" Preference of embodied renewable energy over the non-renewable energy, 
" Encourage those technologies which are based on industrial and agriculture waste, 
" Use technologies with IOW C02 emission. 
4. The life cycle impacts on socio-economic and environmental impacts of the item 82" and 
'T, described above, should be considered. 
In 1992, world leaders and scientists met at the United Nations Summit in Rio de Janeiro. 
They discussed the world's economy and how this was affecting the environment and, 
therefore, having impact on human life. Issues such as climate change, the destruction of 
forests and the consequential loss of plant and animal species were discussed. However, it 
was agreed that people could not be expected to preserve the environment when they were 
unable to earn a living, or achieve a decent standard of living for themselves and their 
families. They decided that it was important that decisions and actions taken to protect and 
preserve the environment should be balanced with the need to increase social equity and 
develop economic security (Kennett, 1998). 
7.2. THE DOMAIN OF SUSTAINABLE INFRASTRUCTURE 
DEVELOPMENT 
It is widely acknowledged that the growing focus on environmental issues is associated with a 
Cultural shift in society at large (Emmitt, 1998). Emmitt refers to Newton and Harte (1997) to 
state that the majority of literature concerned with 'green issues' (chapter 2) has been 
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criticised for having a strong environmental evangelism. Concerning buildings, the literature 
tends to concentrate on ways of reducing the emission Of C02 to limit global warming. 
Emmitt (1998) further mentions that, in contrast, a few researchers have looked at the more 
'soft issues', the issues related to the way individuals communicate, interact and shape a 
building project during its life. 
While reviewing the existing methods of impact assessment in chapter 2, it appeared that the 
focus of the research in this field, especially in the developed countries, has been primarily 
on environmental protection. According to Cooper (1999), the Building Research 
Establishment Environmental Assessment Method (BREEAM), Green Building Challenge '98 
and the other existing methods for assessing buildings are largely restricted to an 
environmental protection and resource efficiency agenda and hence, have a limited utility for 
assessing 'socioeconomic! as opposed to 'environmental' sustainability. It may be noted that 
similar opinion on the short coming of Green Building methods have been put forward by 
Todd and Geissler's (1999). They suggested that a regionally-adaptable impact assessment 
system taking into account of the social and economic issues, begins to address the 
sustainability of buildings. 
Therefore, there is need for being sensitive to the social context while developing any 
method of impact assessment. Since poverty is high in India (Tenth Five Year Plan, 2002-07) 
the Government and a majority of the people Will prefer livelihood generating construction 
technologies based on local materials and labour-intensity. In comparison, the impacts of 
construction on the environment may be of importance to the Government. The experience 
of introducing cost effective and environment-friendly systems in Andhra Pradesh and Orissa 
revealed that there was a conflict of interest between the people and the Government as far 
as the environment is concerned, which may be attributed to the absence of incentives for 
accepting such technologies and lack of awareness. 
It may be reiterated that the environment provides goods and services that sustain human 
development so we must ensure that development sustains the environment. Therefore, to 
have sustainable development, one needs to bring together improving the environment with 
increasing social equity and developing economic security. Kennett (1998) has shown how 
these three issues are intedinked through three phases to a totally sustainable situation 
(Figure 7-1). Kennett (1998) states that according to the Rio summit, it is important that 
decisions and actions taken to protect and preserve the environment should be balanced with 
the need to increase social equity and develop economic security. Based on that, he 
recommends that the concept of sustainable development brings together improving the 
environment with increasing social equity and developing economic security. There is a need 
to minimise the environmental costs of a project and maximise the social and economic 
benefits. 
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Figure 7-1 The different states of sustainable development leading to an ideal situation 
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social equity 
Figure-7.1 a Starting position Fig-7.1 b: Integration process Fig 7.1 c: Sustainable 
development 
Source : Kenneft, 1998, p. 8. 
Figure 7-1c represents the ideal stage when the society is transformed through a cultural shift 
(as Emmitt (1998) suggests) towards sustainable development. At present, the Indian 
situation appears to be like Figure 7-1 a, where the three bubbles are coming close to each 
other. This may be said in view of India's growing awareness of the social and economic 
aspects of development programmes evident from the various community-centred social 
infrastructure development programmes such as the District Primary Education Programme. 
There is also an increased awareness about environmental protection in the Government 
sectors (Verma, 2000). It may be noted that, since the1990s, there has been a new 
architectural movement in India that is based on community-centred cost effective 
construction technologies (Das, 2000). Development programmes, such as the Orissa Health 
sector reforms and the District Primary Education Programme, are based on loans and 
financial assistance from international institutions and have been promoting community- 
centred infrastructure delivery (DPEP, 1995). A national evaluation of the education 
infrastructure construction under District Primary Education Programme was initiated in 2002. 
With the help of a team of sociologists, educationists, pedagogues, architects and engineers, 
the education infrastructure in eighteen states were evaluated and the synthesis report has 
revealed that community-based construction has the potential for sustainable development in 
India. 
"The national evaluation revealed that the community based construction using innovative 
designs and cost effective construction technologies had helped in creating a better learning 
environment. It has a great potential for sustainable education infrastructure development. 
Therefore, it is strongly recommended that the national bodies and states continue to 
Promote this newly evolved paradigm of social infrastructure development in programmes like 
Sarva Shiksha Abhiyan (SSA) etc. " (Das et al, 2004: 52). 
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Therefore, with sustained effort of community-based, socio-eGonomiGally beneficial and 
environment friendly social infrastructure supply will lead India to the second stage, i. e., 
integration as shown in Figure 7-1 b. It is expected that the impact assessment tool 
developed in this dissertation will help in taking India to the integration stage. Figure 7-1 c 
shows the ideal situation of sustainability. 
According to Agenda 21, environmental impact assessment, as a national instrument, shall 
be undertaken. The Millennium Development Goals emphasized that the principles of 
sustainable development should be integrated into country policies and programmes and 
reverse the loss of environmental resources. All these international level recommendations 
very strongly promote that all developments should be pro-poor by reducing poverty and 
upgrading the living standard of the common people. In this context, and especially with the 
implementation experience of the Andhra Pradesh Primary Education Project's Repair and 
Upgrading programme, the following may be the diagrammatic representation of the domain 
of an impact assessment tool, which is in line with the international goals and also based on 
the suggestion put forward by Kennett (1998). 
Figure 7-2 The domain of sustainable social infrastructure in India 
SUSTAINABLE SOCIAL 
INFRASTRUCTURE 
DEVELOPMENT 
............... 
1. Awareness campaign on green buildings 
2. Incentives for accepting green building Developing 
Improving the 
environment I economic technologies equity 
3. Community participation 
4. Use of local materials and cost effective 
construction technoloqies 
.......... 5. Use of green buildinq materials Increasing 
6. Use of labour intensive technologies social equity 
7. Use of qreen building technoloqies 
Source: Author, based on Kennett, 1998, p. 8. 
The Figure 7-2 shows a seven-step process towards sustainable social infrastructure 
development in India. It has primarily been based on the field experience of community- 
centred construction process in Andhra Pradesh and Orissa. Out of these, steps 1 and 2 are 
mostly in the domain of the Government, e. g., policy, building regulations, etc. It is to be 
noted that the Government of India encourages any installation of pollution control devices 
and schemes and have introduced fiscal incentives. According to Gupta (1998) Customs duty 
is levied at reduced rates on equipment and spares for pollution control. Excise duty, at 
reduced rates, is charged on manufactured goods that are used for pollution control. 
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Manufacturing of building materials based on industrial wastes that contribute to 
environmental pollution receive excise duty concessions. To create awareness among the 
consumers, a scheme for environment-friendly labelling of products has been initiated. The 
scheme is for the twin purpose of encouraging both the manufacture and the use of such 
products. National Awards have been instituted for recognition of outstanding activities for 
the prevention and control of pollution. 
However, these do not appear to have any impact on rural people, which is evident from the 
field experience of Andhra Pradesh and Orissa. The experience of Andhra Pradesh Primary 
Education Project reveals that the communities, to a great extent, understand and appreciate 
the advantages of cost effective construction technologies in rural buildings because they 
have experienced that the cost savings had enabled them to create more floor space or add 
facilities such as boundary walls. However, the villagers find the issue of environment- 
friendly technologies difficult to understand since there is no awareness campaign and 
incentives associated with it. 
Step 3 has already been emphasised by the Government policies and various programmes, 
such as 'Sarva Siksha Aviyan" (education for all). These programmes are being 
implemented by involving the communities. The steps 4 to 7 are being promoted by many 
institutions, Non-Governmental Organisations, architects and engineers in different parts of 
India. Andhra Pradesh Primary Education Project had identified the technologies promoted 
by them. Some of these specialist Non-Governmental institutions and individuals were 
appointed for constructing primary schools based on the environment-friendly materials and 
technologies. The planning, design and implementation of the school construction project 
were done through the Panchayati Raj Engineering Department of the Government of 
Andhra Pradesh. This was an attempt to institutionalise the individual efforts. During 
construction of these buildings in 1995-96, site data was collected accurately. Under such 
circumstances, the impact assessment tool may be developed by focusing on steps 4 to 7. 
Once the model is used by the technical staff of the bureau or the respective Ministry, the 
results will enable the decision makers to deal with the issue of incentives for using green 
building systems. They would like to be convinced about the return on the incentives in 
quantitative terms and also the required time frame. It is suggested that the decision-making 
process and the results of impact assessment will be presented in suitable formats for the 
different stakeholders of social infrastructure development in rural India. This will make the 
process of decision making transparent, which is not the case at present. Thus the use of the 
impact assessment tool will indirectly help in achieving the steps 1 to 3. 
The Andhra Pradesh database will be used to examine the various options of relevant 
construction technologies, which generate low life-cycle cost, create livelihood and are the 
least damaging to the environment. If one wants to use the tool in a different context, the 
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lead chart (in Figure 1.9, chapter 1), showing the sources of materials and their distances 
from the site, taxes, loading and unloading charges, should be changed according to the site- 
specific data and also in accordance with the local Government engineering department's 
standards. With this approach, technologies adopted for social infrastructure construction will 
tend to be sustainable in the rural India context. To do that exercise, one needs a method 
and the method needs parameters. 
7.3. IDENTIFICATION OF PARAMETERS 
It may be noted that sustainable social infrastructure development involves social, economic 
and environmental parameters (chapter 2). In this dissertation, the first two have been 
combined since they are monetised. Therefore, the number of categories of parameters has 
been reduced to socio-economic and environmental. The following paragraphs analyse and 
arrive at the parameters under these two categories. 
7.3.1. Socio-economic Parameters 
The example of Barikpur and Panasapada in chapter 4 (Figure- 4.4 and 4.5) show the impact 
of using local materials and tabour intensive technologies on the construction workers' 
pattern of living. It shows that more labour-intensive technologies would enable them to have 
a better standard of living than what they earn from the conventional steel and 
cement-intensive technologies. However, this is valid in the context of the Tenth Five Year 
Plans' (2002-07) attempt to create high level of employment in the coming ten years. Under 
the socio-economic category, unit cost of construction, tabour intensity and the degree of 
income multiplier effect are the three parameters. However, one may argue that the 
advantages of using local materials are not important since use of cement and steel is 
nevertheless benefiting someone somewhere in the country. There may also be other 
questions, e. g., what is the evidence that the use of local materials leads to a larger income 
multiplier effect? 
Let us analyse the issues, such as local materials and income multiplier effects. It may be 
noted that any effort towards sustainable rural infrastructure development in India should 
preferably be around the problem of huge shortage of social infrastructure, discussed in 
chapter 3. The Tenth Five Year Plan of the Govemment of India not only indicates the 
magnitude of this problem, it emphasises that eradication of poverty has been one of the 
major objectives of the development planning process. 
'At the beginning of the new millennium, 260 million people in the country did not have 
incomes to access a consumption basket which defines the poverty line. Of these, 75 per 
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cent were in the rural areas. India is home to 22 per cent of the world's poor. Such a high 
incidence of poverty is a matter of concem in view of the fact that poverty eradication has 
been one of the major objectives of the development planning process. Indeed, poverty is a 
global issue. Its eradication is considered integral to humanity's quest for sustainable 
development. Reduction of poverty in India, is, therefore, vital for the attainment of 
International goals. " (Tenth Five Year Plan - 2002-2007, chapter 3.2: 2 ) 
However, the efforts to address the issue have been in existence prior to the Tenth Five Tear 
Plan. For example the National Housing and Habitat Policy (1998) recommended that 
technology would be particularly harnessed to meet the housing needs of the poor and also 
specific requirements of rural housing. It has emphasised the use of local materials in 
construction by recommending that "Research efforts must also be directed to use locally 
available raw materials as far as possible. " (NHHP, 1998., 13) 
UNCHS/ILO (1995) refers to ILO (1984) and states that the marketing and transport of 
materials produced by small-scale units should also generate more employment than those 
of the output of large-scale products. The same publication (UNCHS/ILO, 1995: 98) mentions 
that 'Small-scale, relatively labour-intensive building-materials manufacturing technologies 
are generally associated with larger multiplier effects than large-scale, capital-intensive 
technologies 
UNCHS/ILO (1995) refers to the earlier UNCHS (Habitat) publications (UNCHS, 1989, for 
example) to state that increasing employment and income-generating opportunities should 
not simply be an "optional extra* but a major consideration in the development of the most 
suitable approach to shelter delivery. It examines, therefore, the potential for reducing costs 
and improving efficiency in the provision, maintenance and management of urban services 
while at the same time increasing employment opportunities. 
The above analysis indicates that both Government of India and the international institutions 
encourage the use of local materials for pro-poor development since it creates more 
employment and larger multiplier effects. However, the construction industry alone can not 
eradicate the poverty problem; it can partially help to improve the situation. Therefore, 
lowering the unit cost of construction, use of labour-intensive systems and adopting local 
materials-based technologies will help in achieving the objectives of the Tenth Five Year 
Plan. The identified parameters under socio-economic aspects are shown in Table 7.1. 
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Table 7.1 The identified parameters under the socio-economic category for the impact 
necoacrimeanf ft%t%l 
Sl no Symbol Parameter Objective 
1 W Pl- Unit cost of construction. To achieve lowest cost. 
2 k=2,3,4 P2, P3, P4 To achieve labourmintensive techniques to create 
Skilled, semi-skilled masons more employment for the skilled, semi-skilled and 
and unskilled workers' unskilled construction workers than the steel and 
Labourwintensity. cement-based systems. 
3 k=5 PS- Money retained within the Use of local materials to support the local people 
district boundary. involved in production and (or) trading in the 
construction sector. 
PI - UNIT COST OF CONSTRUCTION 
In the Indian conteA low unit cost of construction, especially in terms of life cycle costs, is 
necessary considering the huge need for the basic minimum services described in chapter 3. 
At present, the development projects implemented by the district collectors adopt only 
reinforced cement concrete based systems, which are costly because of high cost of cement 
and steel. Under the District Primary Education Programme, each educationally 
disadvantaged district was given 100 million rupees (E1.25 million) for physical infrastructure 
construction. This money is mostly soft loan from the World Bank. In the social infrastructure 
sector of India, there is a large gap between the supply and demand which has been 
discussed in chapter 3. Under such circumstances, low life cycle cost of a combination of 
foundation, wall and roof will be sustainable. Therefore, this is an important parameter in 
social infrastructure planning. 
P2. P3. P4 - LABOUR INTENSMY: 
Labour-intensive technologies are good for employment generation. The labour component 
has been sub-divided into skilled, semi-skilled and unskilled since that is the traditional way 
of classifying them in India. A construction worker attains the status of a skilled mason 
through an apprenticeship under a skilled mason over a period of about ten years. The 
semi-skilled masons are the apprentices after a training period of more than two years. The 
unskilled workers are those who do not aspire to be masons, or who have just entered the 
construction industry. 
The Andhra Pradesh experience has shown that some technologies are skilled labour- 
intensive and the others are unskilled labour-intensive. it is important to know the impact of 
technologies on livelihood of different categories of construction workers. It may be noted 
that the recent work on economic growth has brought out sharply the role of labour, 
education and experience and the so called human capital. The central issue in economic 
development is to expand the social opportunities open to the people (Dreze and Sen, 1998). 
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Therefore, introducing labour-intensive construction technologies will not only support the 
livelihood of the construction workers, the increased employment opportunities will enhance 
their skills, thereby transforming them to more productive human resources. Therefore, it is 
important to examine the labour intensity of construction technologies in a particular context 
of social infrastructure programmes. 
P5- MONEY RETAINED WITHIN THE DISTRICT BOUNDARY 
In social infrastructure construction, the builders and building material suppliers earn money, 
which they spend on food and other products produced in the country. So far as this produces 
chains of consumption within the country, the consumption multiplier effect will increase. The 
site experiences of Andhra Pradesh and Orissa revealed that the construction worker's and 
the local suppliers spent most of their earnings on locally produced food such as rice, wheat, 
fish, etc. In discussions on multipliers, the direct increments to income and employment are 
referred to as first round effects. The spending generated by these fall through subsequent 
rounds depending on a propensity to spend money on imports, to pay tax and to save. 
UNCHS/ILO (1995) refers to Grimes (1976) who, on evidence from Colombian Government 
research, estimated that the income multiplier for low-cost housing construction is about two. 
Similar results can be gained in India, Mexico and Pakistan. This is supported by 
Moavenzadeh (1987) who predicts developing country multipliers of less than the United 
States of America where it is estimated at 2.35. Since Andhra Pradesh Primary Education 
Project and Orissa Health Project were primarily based on local materials, one would expect 
an enhanced income multiplier effect at local level. Apart from this effect, the use of local 
materials will encourage the small scale units to increase their production, which will create 
employment at local level. 
7.3.2. Environmental Parameters 
The literature review in chapter 2 revealed that the environmental impact assessment in this 
dissertation should be based on embodied energy and C02 emission of different construction 
technologies. Out of the different environmental assessment methods discussed in the 
chapter 2, oGreen Building Challenge' appears to have a considerable influence in the field 
of environmental sustainability. Therefore, we shall continue with the discussion on green 
building in the context of environmental parameters in the impact assessment tool. 
Woolley et al (1999: 5) refers to Robert and Brenda Vale(1991) and state that the definition 
of green building is; "that a green approach to the built environment involves a holistic 
approach to the design of buildings; that all the resources that go into a building, be they 
Materials, fuels or the contribution of the users need to be considered if a sustainable 
architecture is to be produced. " Johnson (1993) talks about how the environmental impact of 
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individual properties can be mitigated. According to Ryn and Cowan (1995), we must infuse 
the design of products, buildings and landscape with a rich and detailed understanding of 
ecology. In the light of these definitions, Woolley (1999) suggested that green building 
should consider reducing energy in use, minimising external pollution and environmental 
damage, reducing embodied energy and resource depletion and minimising internal pollution 
and damage to health. 
It may be recalled from chapter 2 that the Green Building Challenge was initiated in 1995. 
According to Todd et al (2001), it was not designed for application to specific commercial 
markets. Instead, it emphasised research and involved researchers and practitioners from 
many countries. According to Todd et al, some of the Green Building tools are structured 
around design strategies (which can be viewed as system inputs) and others are structured 
around environmental loadings or impacts (which can be viewed as system outputs). Most 
systems exhibit some combination of these approaches. The Green Building Challenge and 
most other systems based on environmental topics rate the building on its resource 
consumption, contribution to global warming and other environmental parameters. 
It has been observed that most of the literature on green building act as general guidelines. 
Woolley criticises the literature on the Green building movement by stating that; 'Many 
People who want to behave in an environmentally friendly way rind such literature frustrating 
because it is often preaching the converted. Mat they want to know is not so much the 
general Picture, though this is of course important, but more practical information on how to 
actually do things" (Woolley et al. 1 999: 4). 
If we take the last part of Woolley's suggestion on how actually to do things as a challenge, it 
may be worthwhile to conduct in-depth examination into the local context of impact on the 
environment. The example of Barikpur and Panasapada in chapter 4 has already 
demonstrated the impact of different construction technologies on the environment at grass- 
root level in the context of rural Orissa, India. These two examples showed how rat4rap 
bonded masonry wall had saved bricks compared to the conventional solid bdck wall at 
Barikpur. This had also reduced the emission Of C02- Panasapada had been more energy 
efficient, since it had used 12,000 fly-ash blocks for a covered area similar to that of Barikpur 
which meant that it had saved the consequences of 75,000 bricks. In addition, the use of fly- 
ash has cleaned up harmful waste from the thermal power plants. 
The construction industry in India is the single largest consumer of many energy-intensive 
materials, of which, cement and steel account for a large share of the total energy. The 
production of building materials account for nearly 25% of the total energy budget of India 
(Gupta, 1998) and thus energy efficiency in production process is very important. Furnaces 
and kilns used in the production of steel, cement, bricks and ceramics, etc., are operated at 
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very high temperature. In India coal is used as fuel and hence, the emission Of C02 is very 
alarming (Gupta, 1998). India may be the most populated country in the world by 2025 and 
its Green House Gas emissions may rise substantially. Despite the fact that in 1986 it emitted 
only 0.2 tonnes per capita of fossil C02 (compared to 5.4 tonnes per capita in the USA), it is 
the sbdh largest C02 emitter in the world (Parikh and Gokam, no date). There is worldwide 
interest among the scientists and environment policy makers regarding the increasing global 
warming, particularly owing to the increasing emission Of C02. There is, therefore, a strong 
need to improve energy efficiency of manufacturing processes which would lead to reduction 
in C02 emissions 
However, burnt clay brick, lime, ceramic and glass industries have been particularly 
indifferent to energy saving measures except for a few large manufacturing units. An 
interesting outcome of the ban imposed on the use of primary wood in Government 
construction is the increased use of Aluminium, steel and PVC components although these 
are regrettably high energy-consuming materials. Brick manufacturing is mostly un- 
organised, fragmented and widely distributed throughout the country. The production of brick 
has gone up by ten times since independence. This industry is responsible for removing the 
topsoil and quarried material to the extent of severely damaging the local and regional 
environment (Gupta, 1998). At this point it is important to examine all the issues discussed 
above. 
EMBODIED ENERGY 
A detail investigation carried out on embodied energy of building materials revealed that, of 
all the sources available in India, the data provided by the Development Alternatives was the 
most acceptable (Energy Directory of Building Materials, 1995). The Building Materials and 
Technology Promotion Council had appointed Development Alternatives, New Delhi to 
prepare an Energy Directory of Building Materials. This document describes the process of 
embodied energy analysis, which is based on; 
energy for quarrying, including transportation to production site, 
energy for raw material processing (including energy for basic raw materials), 
energy for, production of materials including thermal and electrical but ignoring manual 
labour. 
It may be noted that the production capacity and technology of production process regulate 
the embodied energy content of the products. The Development Alternatives' calculations 
have been based on common practices of production technology. It has also been based on 
the best practice which is usually characterized by adopting energy efficient measures 
without significantly changing the technology or type of fuel used. 
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The site and infrastructure of the production units have not been considered in the energy 
calculations. Considering these different sources, Development Alternatives' data is 
acceptable, since it shows the process of embodied energy calculations. It may be 
reasonable to accept this as baseline data on embodied energy, which is the total energy per 
unit of the finished materials at factory. Based on this data, the chapters 8 and 9 show the 
process of calculating embodied energy of the construction materials at different levels in the 
context of Ranga Reddy district. To compare with Development Alternatives' data, embodied 
energy of a few items such as bricks were calculated from first principles based on primary 
data collected from the production yards. Such data in the context of Ranga Reddy district 
were found to be close to Development Alternatives' data. 
C02 EMISSION 
The issue Of C02 has been discussed in chapter 2. UNCHS(Habitat) (1991) reports that the 
pollution problem caused by building materials industries constitute a substantial part, 
account for nearly 20% of world fuel consumption. However, it has attracted the attention of 
the environmentalists only recently. Fay et al (2000) refers to Pears (1997) and states that 
the significance of greenhouse gases attributable to building operation is well understood. 
Parikh and Gokam (no date) reports that India and China are considered to be major players 
in global climate change because of their likely increase Of C02 emissions owing to increases 
in income and level of population. Moreover, both depend on coal. 
In India, coal and firewood are used as fuel for brick production. However, there are places 
where rice husk and other types of non-wood are used in brick and clay tile manufacturing 
processes. It has been mentioned earlier that rice husk is used in Ranga Reddy district for 
brick manufacturing. Levine (1994) refers to Bowen (1979) to state that the Biomass material 
contains about 40% carbon by weight, with the remainder hydrogen (6.7%) and oxygen 
(53.3%). According to the report of Biomass One stop Cleaning House (2003: 12) carbon 
content of rice husk is 34.58%. The above discussion tends to suggest that the impact of 
construction on C02 emission needs to be considered at infrastructure planning stage. 
NON-RENEWABLE ENERGY AND C02 EMISSION FOR TRANSPORTATION OF MATERIALs FRom THE 
OUTLET To THE SME. 
Appendix I shows the embodied energy and C02 emission of different matedals for 
quarrying, transportation of raw materials from the source to the site and production of the 
matedals at the outlets. Therefore, the additional energy for transporting these materials from 
the outlets to the site via distributors should also be calculated. Cement, steel, etc., are 
produced in large plants and are transported to the cities and town to the distdbutors. They 
are then transported to the respective sites from the distributors. At the distdct level, the 
engineers' lead-chart (in Figure 1.9, chapter 1) shows the distances from cement and steel 
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distributors to the sites. However, information on distances from factories to the distributors 
may not be difficult to obtain and each state Government engineering department can 
generate such information to study the impacts accurately. 
There may be different databases for transport energy in different parts of the country 
depending upon the road condition, topography, climate, etc. For example, while evaluating 
energy efficiency of apartment housing in Sweden, Thormark (2002) simplified the 
calculation of energy for transportation of materials to the building site in the following way. 
He assumed that 75% of all materials, except crushed rock, were, on average, transported 
350 kilometres in a large truck, filled to 70% and 90 kilometres in a truck of medium size, 
filled to 50%. Crushed rock was assumed to be transported 75 kilometres in a truck of 
medium size. With these assumptions, the total energy needed for transportation was 
calculated as 44 kilo Watt hours per square metre of floor area. According to Thormark, this 
result agreed well with more exact calculation in Adalbert (1997). In the present context, the 
lead chart of Jaggamguda, Ranga Reddy district has been adopted and the fuel consumption 
of a 12 tons capacity diesel-operated truck has been taken from the Tata Energy Data 
Directory Yearbook (TEDDY, 1993). 
THE ISSUE OF Loss OF SOIL 
As mentioned before, there is a need for 600 billion bricks in India for the period 2001-2006 
(BMTPC, STEM, 2000). India produces about 100 billion bricks every year (Maithel and 
Uma, 2000). To the common people in the rural areas, brick-built shelters are considered to 
be permanent. While its popularity has increased the production, there has been a general 
apathy towards quality control in brick production. There is very little sense of competition or 
incentive for producing better brick since even low quality bricks has a market. The impact 
of 100 billion bricks per year needs a review. While the issue Of C02 related to brick 
production has already been discussed, we need to investigate the other aspects of impact 
on environment in brick production. According to some researchers (Dev, 1994) the loss of 
top soil for brick production is significant and may have negative impact on agricultural 
production in the long run. However, such calculations have assumed that brick 
manufacturing will consume soil up to 1200 millimetres depth which may vary from region to 
region. In many states brick is manufactured by using clay collected from the rivers and, 
hence, the issue of soil loss owing to brick making does not apply. Apart from that there is a 
lack of adequate information relating to the issue of loss of soil and hence, this has been 
excluded from the impact assessment tool. However, it is suggested that separate in-depth 
research should be carded out to understand this aspect of the construction industry. 
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RECYCLING OF MATERIALs AT THE END OF THE BUILDING's LIFE 
Apart from the energy consumption, certain key issues will also be dealt with. Construction 
activities mean depleting materials, if they cannot be recycled. According to Jankovic (1999), 
recycling in the construction industry is becoming important. In many Western European 
countries, facilities and institutions have already been established to recycle waste generated 
from construction and building industry. Thormark (2002) states that the recycling potential of 
the most energy efficient apartment housing in Sweden (45 kilo Waft hour per square metre), 
in a life span of 50 years, accounted for 45% of the total embodied energy. The recycling 
potential was between 35% and 40% of the embodied energy. It may be noted that 70 
million tons of construction waste is produced each year in the UK and only 20% (at present) 
is recycled (Raynsford, 1999). 
At present, in India, recycling of blast furnace slag in cement manufacturing and mixing fly 
ash to cement is already in practice (Gupta, 1998). The structural sections such as rolled 
steel joists and reinforcing bars, if not corroded, are recycled. Timber is also recycled. 
However, most of the construction materials after demolition of buildings are used for land 
filling and not recycled in new construction in form of aggregate in concrete, etc. These may, 
therefore, be treated as depleted once used in a building construction. As with the issue of 
soil loss owing to brick making, this aspect of environmental impact needs separate research 
and hence, it has been excluded from the impact assessment tool. 
The environmental aspects of the impact assessment tool in this dissertation have 
considered only the embodied energy and C02 emissions of different construction materials 
and technologies. However, it did not attempt to analyse and calculate such unit energies 
and emissions from the basics since these are outside the scope of this dissertation. The 
assumptions and methods of calculating embodied energy and C02 emission have been 
described in chapter 8. Issues such as loss of soil owing to brick making has been discussed 
but not included in the assessment tool. This dissertation will, therefore, deal with the 
following environmental parameters only. 
Table 7.2 The environmental parameters considered for impact assessment tool 
Sl no Symbol Parameter Objective 
1 k=6 P6_ To achieve the lowest 
Non-renewable embodied energy quantity 
2 k=7 P7- To achieve the lowest 
Renewable embodied energy quantity 
3 k=8 P8- Use of embodied energy from To achieve high consumption 
agricultural waste. 
P9- Emission Of C02 owing to the To achieve the lowest 
L T: J 
use of different materials and quantity 
construction technologies. 
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7.4. WEIGHTING 
According to Todd (2001), weighting systems are fraught with difficulty since they cannot be 
accomplished with complete, or in some cases, any, scientific objectivity. He refers to Dickie 
and Howard (2000) and states that, in the absence of any scientifically derived weights, some 
organisations use 'consensus-based' weighting. In this approach a group of specialists or 
users rank various elements, such as environmental issues, in terms of their relative 
importance or assign points to these elements. The Green Building Challenge framework 
provides a default weighting system and allows users to change the weights based on 
regional or other priorities. Weighting itself is an area of exclusive research and, in this 
dissertation, the impacts of varying the weightings have been demonstrated instead of 
recommending them. 
7.5. METHOD OF EVALUATION 
After identifying and discussing the nine socio-economic and environmental parameters, now 
the discussion will be focused on a tool for assessing impact of the different construction 
technologies. It has been assumed that, in the planning stage of a social infrastructure 
programme for an area, a resource mapping exercise will be carried out to identify the locally 
available materials, skills, socio-economic conditions, availability of electricity and water 
supply, road conditions, vernacular architecture, etc. Based on the collected information, a 
list of feasible technological options for that particular location will be identified with the help 
of Appendix III and Appendix IV. The impact assessment tool will then calculate and show 
the scores of all the options in that locality from socio-economic and environmental factors. 
Let us now look at the impact assessment tool in the following paragraphs. 
A detail discussion on the available assessment tools have been carried out in the chapter 2, 
in which, the most influential tool appeared to be the Green Building methods. However, 
there are criticisms on the Green Building methods. Kohler and LUtzkendorf (2002) state that 
the designers, owners and developers of buildings have been demanding simplified ratings of 
building performance to identify 'green' buildings on the market. They opine that while a 
number of assessment tools are available, they are not well suited for the use of 
comprehensive planning teams. Apart from these shortcomings, there is a fundamental 
difference between the Green Building methods and the impact assessment tool in this 
dissertation. The main objective of this dissertation has been to develop an impact 
assessment tool based on the data and experience of the Andhra Pradesh Primary School 
Project. Therefore, it is a completely bottom-up approach and hence, attempting to adopt the 
existing assessment methods in the context of Andhra Pradesh-based data does not appear 
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to be feasible. Considering these, a simple impact assessment tool has been developed in 
the following paragraphs. 
There are nine parameters that will evaluate the different combinations of walling and roofing 
systems. The units of the first five parameters are in rupees, the sixth to eighth are in Mega 
Joules and the ninth in tons. Ideally all the environmental parameters should have been 
monetised to make them compatible with the data on socio-economy, which are in rupee 
value. Let us look at how others have dealt with this problem. Some researchers have 
treated the socio-economic and environmental parameters separately to study the impacts, 
e. g., Rolfsman (2002), studied the way in which C02 emission levels were affected by 
different measures to reduce energy consumption in a building. This was done with reference 
to a case study of a residential building in Navestad, a suburb of the Swedish city, 
Norrkoping. Three different energy measures were adopted for retrofitting, viz., extra 
insulation, new type of window and introduction of a heat pump. For the ranking by cost, he 
had used the so called Optimal Energy Retrofit Advisory (OPERA) model, for which he 
referred to Gustafsson and Karisson(1989). In this model several retrofit options were 
optimised using the present value method while calculating the life cycle costing, which 
included building maintenance and operating costs. He ranked the measures by cost and 
C02 reduction by consumption. 
Roulet et al (2002), while developing a multicriteria rating methodology for buildings, also 
dealt with criteria of different units. They had solved the problem of combining different units 
as follows. 
'As the variables come in different units, it is preferable to homogenise them by dividing each 
one by the coffesponding standard deviation value"Roulet et al (2002: 581). 
The problem of homogenising different units in this dissertation has been solved by adopting 
index method of calculation. Let us now understand how it works. The number of possible 
technologies (n) is assumed as the number of students in a class. The group of socio- 
economic parameters (131-135) and the environmental parameters (P6-Pg) will be treated as 
major subject-groups with different group weightings - GWI and GW2. The parameters (PI to 
P9) will be treated as subjects under the respective groups with different subject weightings - 
WPI to WP9. The subjects will be termed as parameters in this section. 
All the technologies will be evaluated under each parameter, viz., P1 to P9 on an Index 
scale, e. g., the technologies having minimum unit costs will be assumed to score 100 and the 
scoring of the remaining 'n-l' number of technologies will be calculated with respect to unit 
cost scoring 100. The following Table 7.3 shows the different conditions for 100% score of 
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each parameter Pk, W to 9. Thus the index method of scoring has eliminated the problem of 
combining the different units of the parameters. 
Table 7.3 The conditions of index-1 00 of all nine socio-economic and environmental 
parameters. 
Sl no Groups Parameter Scoring 
1 Category-I PI_ The technology with the lowest unit cost 
Unit cost of has an index of 100 
Socio- construction 
2,3,4 economic P2, P3, P4 - The technology with the highest skilled 
Money to the skilled, mason-intensity has an index of 100 
semi-skilled masons The technology with the highest semi- 
and unskilled workers. skilled mason-intensity has an index of 
100 
The technology with the highest un-skilled 
worker-intensity has an index of 100 
5 PS- The technology that retains the highest 
Money retained within amount of money within the district has an 
the district boundary index of 100 
6 Category-2 P6- The technology with the lowest embodied 
Non-renewable non-renewable energy has an index of 
Environmental embodied energy 100 
7 P7- The technology with the lowest embodied 
Renewable embodied renewable energy has an index of 100 
energy ** 
8 P8- Embodied energy The technology with the highest embodied 
by burning agricultural energy has an index of 100 
waste 1 
9 P9- Emission of C02 The technology with the lowest emission I 
has an index of 100 
Source: Author 
It may be noted that Raynsford's (1999) suggestion of encouraging renewable energy over non- 
renewable energy could be done by assigning lower weight to the renewable than the non- 
renewable energy parameter. 
SCTII, SCT12 v..... SCTIN , are scores of the technologies for the parameter, unit cost of 
construction. The general expressions for the subject scores will be SCTIq, where k=1 to 9 
are the parameters and j= 1 to n are the technologies. 
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Table 7.4 Matrix showing subject index SCTq, subject and group weightings. 
Group 
Weightings 
Subject 
Weightings 
WP k, 
k-- I t9- 
Technology 
j=1 
Technology 
j=2 
Technology 
j=j 
Technology 
j=n 
GWI-socio- WP I SCTI., SCTI, 2 SCTI., SCTI.., 
economic WP 2 SCTZI SCTZ2 SCTZI SCT2, n 
parameters WP 3 SCT3,1 SCT3,2 SCT3,1 SCT3, n 
WP 4 SCT4,1 SCT4,2 SCT4,1 SCT4, n 
WP 5 SCT5, I SCT5,2 
SCT5,1 SCT5,,, 
GW2- WP6 SCT8.1 SCT6.2 ScTa, i ScTa" 
environmental WP 7 SCT7,1 SCT7.2 SCT7,1 SCT7, n 
parameters WP 8 SCT8,1 SCT8,2 SCT8.1 SCT8", 
WP 9 SCT9, I SCT9.2 SCT9.1 SCT9, n 
Table 7.4 shows the indexes of all the technologies from the third column onwards 
(technology j=1 to n). The indexes SCT1,1 to SCT9, n are without considering their respective 
weightings. It has been mentioned before that each parameter has a weighting and hence, 
the individual subject scores should be multiplied by the respective weightings and then 
summed up in the group, e. g., 
SEWII = SCT1 1x WPI + SCT21 X WP2 + SCT3i X WP3 + SCT41 x WP4 + SCT5j x WP5 
SEWI represents the total weighted index of a particular technology G=I) against the five 
socio-economic parameters after considering the subject weightings WPI to WP5. 
ENWI, = SCT61 X WP6 + SCT71 X WP7 + SCT81 x WP8, SCT9, x WP9 
ENWI represents the total weighted index of the same technology against the four 
environmental parameters after considering the weightings WP6 to WP9. 
The final total weighted index of a technology, e. g. j=I, would be as follows 
WIT, = GWI x SEW11 + GW2 x ENWI, 
Therefore, the general expression of the final weighted index of the jth technology "j" (i=l, n) 
WITJ will be as follows. 
Group weighting - GWI Group weighting GW2 
Subject weighting -WPk, k=1 to 5 Subject weighting -WPk, k=6 to 9 
187 
t05 to 9 
WITj. GWI x CTIq X WPk 
+ 
GW2 x 
(SCTIq 
x WPk) 
6 
For I, n, where n is 
the number of technologies 
From the final weighted index (WlTj, j=I, n), the highest element will be assumed to have an 
index of 100 and the remaining indexes will be calculated accordingly. The following chapters 
show that the impact assessment tool adopts 11 roofing systems and 6 walling systems, i. e., 
66 combinations of technologies. All these permutations are possible. Therefore, Ix66 
matrix will be generated for calculating the final indexes. However, for convenience of 
reading the input and output of the calculations, data has been presented as aI Ix 6 matrix. 
The input and output of the model has been presented as in the matrices with the walling 
technologies in rows and roofing technologies in columns. 
While all the impacts are important both at local and global level, some are more important 
at one level than the other. For example, the use of labour-intensive materials and methods 
of construction, especially with local materials, have a direct and more tangible impact at 
local level. Such actions will increase income-generating activities and help in improving 
living conditions of the construction related people. Therefore, the use of such technologies 
in construction partially helps poverty reduction and hence, is a global issue as well, which 
has been discussed in chapter 2. While the impacts of the depletion of non-renewable and 
renewable energy, emission Of C02, etc., may have local level impacts, it is in general more 
of a regional, national and international concern (especially C02 emission). In many 
discussions in India, it has been observed that the decision makers and the technocrats show 
their concern over these issues without referTing to the actual quantum of the impacts, which 
this dissertation has shown in chapter 5 and chapter 6 on Andhra Pradesh Primary Education 
Project and the Repair and Upgrading programme of the same. The method of evaluation 
evolved in this chapter, will help a decision maker to assess the most sustainable 
construction technology in a particular context. They can study the impacts of the weightings 
by assigning a particular set of values, which could be based on the decision makers' own 
experience or it may be by consensus of a group. The next step will be to study the outputs 
of the model in terms of actual quantities, which require a database. The next chapter will 
discuss the data required to run the model, which is based on the experience of Andhra 
Pradesh Primary Education Project. 
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CHAPTER 8 DATABASE FOR IMPACT 
ASSESSMENT: LEVEL-1 AND LEVEL-2 
8.1 BACKGROUND OF THE DATABASE 
It may be recalled that the chapter 5 on Andhra Pradesh Primary Education Project was to 
show the process of education infrastructure construction and it was expected that the 
experience will help in evolving an impact assessment tool. The impact assessment tool 
developed in the last chapter will calculate the impacts by using the database of Andhra 
Pradesh Primary Education Project. In order to use the impact assessment tool in any 
context, only the database should be modified. Therefore, understanding of the process of 
developing the database is as important as the impact assessment tool. This and the 
following chapter describe the process of data collection in the context of Andhra Pradesh 
Primary Education Project, which will enable decision makers to create databases in other 
contexts. 
The scope of this dissertation in chapter I states that the average cost of construction, labour 
cost and embodied energy of wall and roof combined constitute a significant part of a 
complete building. It may be noted that the walling and roofing technologies include finishing 
items such as plastering, painting, roof waterproofing, etc. It is also explained in chapter I 
that one type of foundation, door and windows made of local timber and a stone floor finish 
were adopted in Ranga Reddy district. As a contrast, there was a wide variation of walling 
and roofing technologies. Since this dissertation intended to calculate the scores of the 
different options of technologies on a comparative basis, only wall and roof have been 
considered for impact assessment. However, In situations where a number of options are 
available for foundation, door, window and floor finish, the impact of a finished building 
should be considered. 
It has been demonstrated in chapter 5 that different plan forms, site conditions and designs 
play significant roles on the socio-economic and environmental impacts. Since the main 
focus of the dissertation is on studying the impact of construction technologies, the effects of 
these aspects have been eliminated by assuming the following. 
Plan-forms and carpet areas are constant, Le., square room with internal dimensions of 
5.5 metres x 5.5 metres; 
a The land is flat. 
In order to understand the impacts of different combinations of wallirkq, gnd roofing systems, a 
classroom of internal dimensions 5.5 metres x 5.5 metres (used in Ranga Reddy district) has 
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been adopted in this dissertation. The purpose of demonstrating the quantitative impact 
through a classroom is intended to enable the users of the tool to understand the results and 
could relate to a practical situation, i. e., if one constructs a room using a particular 
combination of wall and roof, how much will it cost? How much employment will be generated 
and to what extent will it affect the environment? The socio-economic and environmental 
database of the construction of different walls and roofs depend upon the types of materials 
and the processes involved at different stages of manufacturing, processing and fabricating, 
which have been categorized under the following heads. 
Level-1: Primary Manufacture, e. g., aggregate, random and coursed rubble stone, bricks, 
clay tiles cement, steel, lime, etc. 
0 Level-2: Secondary Processing- based on primary level materials for manufacturing 
micro concrete tile, pre-cast reinforced cement concrete planks, joists, channels etc. 
Level-2 is an intermediate stage and is made of level-1 materials. 
Level-3: Tertiary Fabrication - walls, roofs, doors, windows etc., i. e., complete 
components of a building, which are produced from either only from level-I materials or 
a combination of level-I and 2. 
The above three levels were adopted by Development Alternatives, New Delhi, (Energy 
Directory of Building Materials, 1995) wbile calculating the embodied energy of different 
materials in the process of completing a building as a complete product. Since this energy 
data has been used in the present section, broadly the same categorisation has been 
adopted for consistency. However, brick and clay tiles have been put under level-1 In order 
to make level-2 exclusively for the pre-cast elements introduced for the first time in Ranga 
Reddy district. Level-2 in this dissertation refers to the pre-cast elements produced in the 
building centres, a new hub of employment generation in an organised manner, rather than 
through the master masons or carpenter. 
As mentioned above, the impact assessment will be based on different combinations of 
walling and roofing systems, which are level-3 products and require inputs from the Level-2 
and Level-1. For example micro concrete tile roof with steel and timber under-structure, 
requires micro concrete tiles (a Level-2 product) along with steel and timber, (i. e., the level-1 
products). Costs of materials, labour and transportation under Level-I have been adopted 
from the Standard Schedule of rates of 1995-96 published by the Government of Andhra 
Pradesh (Appendix 11, Table 11.2). The embodied energy contents of the Level-1 materials 
have been primarily from the Energy Directory of Building Materials (1995), except the 
paints, bitumen, waterproofing compound, etc., which were not covered. These have been 
adopted from the embodied energy of materials in New Zealand (Alcom, 1998). While this 
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appears to be inconsistent, the embodied energy of steel and cement in Indian context were 
similar to that of New Zealand. The matter was discussed with the researchers of the Tata 
Energy Research Institute in Delhi and they also agreed that, in absence of such data in the 
Indian context, one can adopt the one provided by Alcorn. This issue has been discussed 
under limitations in chapter 1. 
The Level-2 and Level-3 data are primarily based on the Government of Andhra Pradesh's 
approved analysis of rates of both conventional and cost effective items. It may be noted that 
the cost effective items, e. g., micro concrete tile, planks, joists, etc., did not exist in the 
Government schedule of materials and products prior to Andhra Pradesh Primary Education 
Project. One of the important targets of Andhra Pradesh Primary Education Project was to 
get these items approved by the Government and then include them in the schedule of rate 
analysis. Therefore, a rigorous process was adopted by recording the on-site daily progress 
of work consisting of material and manpower requirements. For example, while constructing 
a rat-trap bonded wall, the masons were trained first at site. Therefore, in the first few days 
there was a very slow progress that improved over the next few days and in a weews time 
they became comfortable with the technology. The same masons were employed in another 
six sites where rat-trap was adopted. The average of this entire process was accepted by the 
Panchayati Raj Engineering Department for the analysis of rates of the technology. The 
Government engineers were a part of the process and in the end of the construction, they 
scrutinised the data before officially accepting them on the 316t March 1996. This data on 
rate analysis for level-2 and level -3 items shows the quantity of labour, materials, equipment 
etc., required per unit , e. g., for the production of 150 micro concrete tiles one would require 
90 kilogram cement, 0.11 cubic metre sand, 0.04 cubic metre 6 mm aggregate, etc. Such 
data will be used for calculating costs, embodied energy and emission Of C02 per unit 
elevation area of the finished walls and plan area of roofs per square metre. 
JAGGAMGuDA As THE REFERENCE SITE 
One of the important aspects in a database is the location of the site with respect to the 
different sources of matedals. The 29 cost-effective school construction sites in Ranga 
Reddy district had separate lead charts showing socio-economic and environmental data of 
level-1 materials. In this section, we could have adopted any one of them as a database 
since the entire process of impact assessment is developed on Microsoft Excel worksheets, 
where any change in the master table will automatically recalculate the data of level 2 and 3. 
The database of the village Jaggamguda, Ranga Reddy East, has been adopted since it was 
the first project site, in which the contractor had accepted the cost effective items as a formal 
contract under the Govemment of Andhra Pradesh. All the socio-economic and 
environmental data of level-1 materials are the basic input to the system, which has been 
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presented in the Table-11.2, Appendix-11. The following level 1 building materials were 
required for the construction of all the walling and roofing systems under consideration. 
Table 8.1 Local and non-local materials used in Ranga Reddy district under Andhra Pradesh 
Primary Education Project Qevel 1 materials). 
S1. 
no. 
Description of level-1 materials S1. 
no. 
Description of materials 
1 20 mm hard granite metal Local 12 Lime 
.2 6 mm hard granite stone chips Local 13 Cement 
3 40 mm hard granite metal Local 14 Steel reinforcement 
41 Random rubble stone Local 15 Steel structural 
5 Coursed rubble stone Local 16 Binding wire 
6 40 mm thick Tandur stone 17 Soil for cement stabilised 
mud block 
Local 
7 Sand for mortar 18 Wooden shuttering Local 
- - 8 Sand for filling Local 19 Wooden scaffolding co cal 
9 Stone dust Local 20 Timber for structural use Local 
10 Wire-cut brick Local 21 Rubber based 
waterproofing compound 
11 Clay tile Local 22 Diesel/litre 
Source: Author 
Table 8.2 All the level-2 materials used in Ranga Reddy district under Andhra Pradesh 
Primary Education Project 
St. 
no. 
Description of materials 
I Cement stabilised mud block (5%) Local Building Centre 
2 Interlocking cement stabilized mud block (10%) Do 
3 Stone concrete blocks Do 
4 Micro concrete tiles Do 
5 Pre-cast reinforced cement concrete planks Do 
6 Pre-cast reinforced cement concrete joists Do 
I re-cast reinforced cement concrete channels Do 
8 Pre-cast ferrocement channels Do 
Note: All produced in the building centre at Aliabad, 2 kilimetres from Jaggamguda. All these are made 
of level-I materials shown in Table 8.1. 
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Table 8.3: All the Level-3 materials used in Ranga Reddy district (walls). 
Sl no. Description of Level-3 materials: walling Remarks 
1 230 mm thick solid brick wall using wire-cur bricks Wire-cut bricks from 
in L6 cement sand mortar Rajbolaram 
2 230 mm thick rat-trap using wire-cur bricks in L6 Wire-cut bricks from 
cement sand mortar. Rajbolaram 
3 230 mm thick Cement Stabilised (5%) Mud Block Blocks from the local building 
(CSMB) masonry wall in 1*8 cement fine sand and centre 
mud 
4 150 mm thick Interlocking Cement Stabilised (10%) Blocks from the local building 
Mud Blocks (ICSMB) masonry in 1: 6 cement sand centre 
mortar 
5 190 mm thick Stone Concrete Block (SCB) masonry Blocks from the local building 
in 1: 6 cement sand mortar. centre 
ý_6 
380 mm thick coursed rubble stone (CRS) masonry. Stone blocks from Turkapally 
Note: All level-3 walling elements are either made of level-1 materials only or a combination of level-1 
and level-2 materials. 
Table 8.4 All the Level-3 materials used in Ranga Reddy district (roofs). 
S1. 
No. 
Description of Level-3 materials: 
roofing 
Remarks 
1 Reinforced cement concrete slab All level-I materials 
2 Reinforced cement concrete plank 
and joist 
Planks and joists from the local building 
centre 
3 Reinforced cement concrete channel Channels from the local building centre 
4 Ferrocement channel Channels from the local building centre 
5 Micro concrete tiles roofing Micro concrete tiles from the local building 
centre (level-2) and under-structure - level-1 
6 Hybrid slab All level-1 materials 
7 Reinforced cement concrete filler slab All level-I materials 
8 Stone roofing Joists from the local building centre 
9 Jack-arch roofing Joists from the local building centre 
10 Brick corbel arch All level-I materials 
11 Brick pyramid All level-I materials 
Note: All level-3 roofing elements are either made of level-1 materials only or a combination of level-1 
and level-2 materials. 
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The database has been developed from the cost, retention within Ranga Reddy District, 
embodied energy and C02 emission per unit of the Level-11, Level-2 and Level-3 materials 
and products. The following section will describe how the database for level-1, level-2 and 
level-3 materials and products were collected in Ranga Reddy district with respect to 
Jaggamguda. 
8.2 UNIT COSTS OF BASIC MATERIALS 
The sources of materials such as aggregate, coursed and random rubble stones and wire-cut 
bricks, clay tiles (level 1) existed within the Ranga Reddy district. Steel, cement, etc., were 
brought from outside the district. There were local agents and material suppliers who 
received an agency fee for marketing these. The following table shows how the unit costs of 
level-1 materials were calculated in the lead chart at Jaggamguda. 
Table 8.5 The lead statement of matedals at Jaggarnguda 
S1. 
No 
Description of 
the materials 
Initial 
cost 
Add 
seigniorage* 
Taxes Transport 
cost 
loading& 
unloading 
Totalunit 
cost 
Unit 
1 Cement 
21 sand 
- z)eigniorage is a t<oyai rignt to a percentage levy. Nthough the kingship has been abolishea in inaia, 
the terms still continued. Now this goes to the Government treasury as tax. 
A number of feasible walling and roofing systems have been introduced in Ranga Reddy, 
e. g., micro concrete tiles, reinforced cement concrete plank, joists, channels, ferrocement 
channels, etc. There were building centres within the district which produced some of the 
elements shown in Table 8.2. The existing building centre at Aliabad, two kilometres from 
Jaggamguda, produced door and window frames, etc., and had an adequate infrastructure to 
produce the pre-cast elements shown in Table 8.2. These building centres were already 
serving as a source of income generation for the people involved in local construction. 
However, their turnovers were small because of lack of market demand for the pre-cast 
elements. It has been assumed that the pre-cast elements shown in Table 8.2 will continue to 
be produced at Aliabad. 
The unit costs of the materials used in Ranga Reddy included their basic costs of production, 
royalty charges, sales tax and octroi (state customs duty), cost of loading, unloading and 
transportation. The transportation charges were according to the distance from source to the 
site and also on the type and condition of roads in the monsoon. The unit costs were 
calculated based on the Standard Schedule of Rates (SSR, 1996) published by the 
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Government of Andhra Pradesh, which was updated every year in the month of June. Ranga 
Reddy district is spread over an area of about 40 kilometre diameter and its roads varied 
from good quality bitumen topped major district roads to ordinary rural roads without any 
hard top. In the rainy season the Ordinary Rural Roads were unable to bear the truck load of 
12.5 tons and hence, some villages became inaccessible. In general, the transportation cost 
was exorbitantly high during the entire rainy season. All the material costs shown in this 
section are inclusive of transportation cost at Jaggamguda site and applicable between 
October and the first week of June since the rest is rainy season and a lean period for 
construction. All costs mentioned in Table 11.2, Appendix-11 are at-site costs, i. e., including 
transportation, loading, unloading, etc., everything complete. 
However, materials brought from outside the district have been excluded from such 
calculations, since their labour component will generate income elsewhere and beyond the 
boundary of Ranga Reddy. To study the impact of the use of local materials, the production 
labour cost of bricks, clay tiles, etc., produced within the district have been separated from 
the material, equipment, etc. Such separation of costs will enable a decision maker to know if 
one builds a brick wall in Ranga Reddy, what will be the income generation opportunity for 
the brick kiln owners and its labourers. 
8.3 MONEY RETAINED WITHIN THE DISTRICT FOR THE 
LOCAL TRADERS AND AGENTS. 
It has been mentioned in the last chapter that, according to ILO (1984), small-scale and 
labour-intensive building-materials manufacturing technologies result in a larger multiplier 
effect than large-scale, capital-intensive technologies. This matches with the situation in 
Ranga Reddy district, since the production of bricks, aggregates, etc., were small scale. It is 
to be noted that the labour components of the level-3 elements (walls and roofs) have been 
divided into two, on-site and off-site. The labour costs related to all the in-situ process are 
termed on-site. The same in the production yard including loading and unloading of materials 
in transportation are termed as off-site. For example, the labour costs for producing one brick 
till it is delivered at site is considered to be off-site, whereas the construction of a brick wall in 
cement sand mortar starting from procuring them from the stack until it is cured and 
complete is on-site. This gives an overall picture of the sum total of labour intensity of a 
particular level-3 element (walls and roofs). 
To examine the impact of local materials at a micro context, it has been assumed that its 
domain is the district boundary. If a material is produced outside this domain, only the 
amount of money received by the local traders, who generally act as agents, will be 
considered as retention. As mentioned above, the materials such as stone chips, coursed 
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and random rubble stones, bricks, clay tiles, etc., already existed in Ranga Reddy for a very 
long time and act as shelter support to the local private and public buildings. It has been 
assumed that the pre-cast walling and roofing products from Aliabad building centre will act 
as a good source of income generation for the people involved in construction in the district. 
The building centre will ensure good quality of production to compete with the local 
construction material market and the general level of skills will also be upgraded because of 
training and supervision. 
Retention excludes the cost on construction workers, since that has been added to the labour 
components of the Level-2 and Level-3 materials. The fuel costs (coal, electricity and diesel) 
for the production of the local materials including transportation go out of the district 
boundary since they are all brought from outside. However, the cost of rice husk, fire wood, 
etc., required for brick and tile burning has been included in retention since they were from 
the district. Therefore, the net amount of the material cost, after deducting the cost of fuels, 
etc., brought from outside the district and the production labour, is the retention amount. 
Therefore, this is the net amount of money that will help the local traders. 
8.4 EMBODIED ENERGY AND EMISSION OFC02 
8.4.1 Embodied Energy for Production 
All the construction materials have different unit embodied energies owing to the 
procurement of different types of raw materials and their transportation to the production 
centre, and processing and transportation of the finished products to the sites directly or 
routed through the stockists/ agents, etc. As explained in the last chapter, the embodied 
energy data from the Energy Directory of Building Materials (1995) by Development 
Alternatives is the most acceptable one. It had assumed the following. 
The production capacity is medium to small. 
The technology of the production process is based on common practices and adopting 
energy efficient measures without significantly changing the technology or type of fuel 
used. 
The energy input for each level-1 material is classified into five distinct categories; 
coaVpetrol, electricity, wood, non-wood such as rice husk, and energy from agriculture waste. 
Sand, soil, stone slabs and coursed and random rubble stones are traditionally quanied 
manually and hence, production energy has been assumed as zero. The Appendix-1 shows 
the embodied energy of all level-1 materials. 
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Tiwari (2001) classifies construction materials into three categories according to their energy 
consumption. According to him, high energy materials are those having embodied energy 
greater than 5000 Mega Joules per ton, medium energy materials - between 500 and 5000 
Mega Joules per ton and low energy materials - less than 500 Mega Joules per ton. 
Annnexure-1 shows that steel, PVC, etc., in India belong to the high energy category. 
Most of the building materials production units in Ranga Reddy East were visited several 
times and data was collected over a period of 18 months. The managers of the production 
units had systematic databases on fuel consumption required for processing of the finished 
products that will enable us to calculate the embodied energy and C02 emission. The data 
collection exercise revealed that the sources of the raw materials for a particular product 
varied widely owing to their locations, e. g., while clay for brick making at Rajbolaram was 
transported from a distance of six kilometres, the same at Uddamerry village was from ten 
kilometres away. Therefore, these data were too site-specific and involved laborious 
calculations before we could use them at a particular site to assess the impacts. A 
comparison between the energy data collected at Ranga Reddy and the Development 
Alternatives' data revealed that the energies were comparable for the materials produced in 
similar manufacturing process. For example, the thermal requirements and electricity 
consumption for semi-mechanised wire-cut brick production at Rajbolaram was within 5% of 
the data provided by Development Alternatives. Under such circumstances, their data on 
finished product has been adopted as embodied production energy and the transportation 
energy has been used according to the actual distance of the source from the site. This 
would make the process more general and others can adopt the same process in different 
contexts. 
The environmental impact of the on-site process in Ranga Reddy involved only a very small 
quantity of diesel (1.2 litres per cubic metre of concrete) for operating the concrete mixing 
machine and vibrator for consolidation. Apart from that, the site process did not use any 
other equipment or process which involved energy and emission. This is too small an effect 
compared to the developed countries, such as, the USA and the New Zealand, where the 
energy consumed in the production of materials amount to 70% of total construction energy, 
the remaining 30% being primarily consumed by on-site construction-related activities as 
cited by UNCHS (1991). UNCHS observed that, in developing countries, this proportion 
ranges between 90 and 100% as the on-site energy consumption in construction of housing is 
low owing to rare use of machinery. The situation in Ranga Reddy was similar. 
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8.4.2 C02 Emission for Production 
Data on C02 emission owing to the building materials production has been a very weak area. 
Emission data was available only for cement, steel, lime, etc. However, C02 emission for 
aggregates, sand, clay tiles, etc., were not available. This aspect of data collection was the 
most difficult one and problematic. The author of this dissertation had to move from door to 
door, find out contacts from the intemet and had discussions over telephone, personal 
interviews, etc. While there is a nationwide concern (at least on paper) on emission, the lack 
of data in this regard indicates that there is no serious effort towards mitigating this problem. 
Many workshops and conferences have taken place on sustainability. However, no one 
provides any data whatsoever on C02 emission which will enable an architect, engineer or 
decision makers to calculate the implications. One of the acceptable documents for 
calculating embodied energy was the Energy Directory of Building Materials (1995) by 
Development Alternatives, which did discuss the importance of C02 emission but it does not 
provide any data on it. 
NOTES ON SOME DATA ON C02 EMISSION 
While there is piecemeal information on the C02 emission of building material production, 
there is no document that describes the process of arriving at data. Some researchers, e. g., 
Bose and Nambier (1995) adopted two alternative fuels; coal and firewood. Bose and 
Nambier refers to Sedjo (1989) and states that, 30,000 bricks require 25 tons of fire wood, 
which would emit 26 tons Of C02, i. e., 0.86 kilograms per brick. Their alternative calculations 
assume that 1,000 bricks would require 300 kilograms of coal, which is based on Tiwan and 
Parikh (1994). They adopted 0.75 tons of carbon content in one ton of coal as per Perkins 
(1974). This would release 17.55 tons of C02 (3OxO. 3xO. 75x2.6 = 17.55 tons). It is important 
to note that the carbon content of coal adopted in this calculation is 75%, which is much 
higher than that assumed in India. Discussions with researchers of Tata Energy Research 
Institute revealed that average carbon content of coal as a fuel is 45%-50% and the 
combustion efficiency is 95%. It is estimated that the Indian brick industry consumes more 
than 24 million tons of coal annually, in addition to several million tons of biomass fuels 
(TERI, 2001) 
The emission Of C02 owing to combustion of fuel oil was worked out considering 80% carbon 
content in the oil by weight and 99% oxidization level of carbon in the oil (TER], no date). 
Therefore, one ton of oil burning emits 2.9 tons Of C02; however, the energy in oil is 10 mega 
calories per litre, which is much higher than coal or other biomass owing to the high carbon 
content. 
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Rice husk and other types of non-wood are used in various manufacturing processes of 
building materials. It has been mentioned earlier that rice husk is used in Ranga Reddy 
district for brick manufacturing. Joel (1994) refers to Bowen (1979) to state that the Biomass 
material contains about 40% carbon by weight, with the remainder hydrogen (6.7%) and 
oxygen (53.3%). According to the report of Biomass One stop Cleaning House (2003) 
carbon content of rice husk is 34.58%. 
The basis of CO calculation 
In view of the absence of direct source Of C02 emission of all building materials, the 
researchers of Tata Energy Research Institute, Ministry of Environment and Forest, etc., 
suggested that the calculation Of C02 emission may be based on the quantity of carbon 
based fuels used in the entire process of producing finished building materials. In this 
context, coal/petrol/diesel, fire wood, non-wood (rice husk), etc., and electricity have been 
considered. The figure below describes the composition in all fuels, in which only the amount 
of the different parts vary depending on the specific fuel. 
Figure 8-1 The internal distribution of the volatiles, fixed Carbon, ash and moisture of fuels. 
Fuel 
"Volatile" shown above, is the part of the fuel that is released as a gas and burns with flames. 
The fixed carbon is the part of the fuel that burns without flame, such as the glowing parts 
that remains as a fire. The total carbon content, that includes a part of volatiles in the fuels, 
produces C02. If ash and the moisture are taken out of the different fuels, the chemical 
compositions of the fuels look very much alike. 
The Energy Directory of Building Materials (1995) provides the different quantities of energy 
required (coal/petrol/diesel, fire wood, non-wood, waste and electricity) for the unit production 
of some materials, e. g., aggregates, cement, steel, etc. The embodied energies are given in 
kilo Watt hours per unit weight of the materials, which have been calculated after converting 
the respective fuels to their carbon contents and combustion efficiencies. Therefore, the 
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Source Biomass One stop Cleaning House (2003), Chapter 1- P-3, 
quantities of equivalent carbon can be calculated after dividing the summation of total 
energies owing to coal/ petrol, wood, non-wood, etc., by the calorific value of carbon in coal, 
i. e., 8084 kilocaloriest kilogram (discussion with Tata Energy Research Institute). This will 
give the total quantity of carbon consumed per unit weight of the material production. The 
quantity Of C02 emission has been calculated based on the following chemical reaction. 
C+ 02 C02 
Replaced by the molecular weights 
12 + 16x2 = 44 
Therefore, 1 kilogram of carbon will create 44/12 kilogram Of C02 
C02 generated by the production of unit weight of level 1 materials = energy in kilo Waft 
hours per unit weight x 860 kilocalories =A (say) 
C02 emission per kg of material = 44/12 xA/ 8084 kilogram 
In the above calculations, the total quantity of electricity input for the material production can 
be considered only if it is from the thermal power plants. While many power plants in India 
are coal based, some are hydroelectric and nuclear energy based. According to mAn Energy 
Overview of 1ndia" (2002) the hydroelectric, Nuclear and Geothermal/Solar/Wind/Biomass 
constitute about 25% of the total power generation in India. The remaining 75% are coal- 
based conventional thermal power plants. This is the average all India data, therefore, C02 
emission data published by the Government of India for the state of Andhra Pradesh will be 
adopted for emission calculations. India is divided into five grids of electricity supply, viz., 
Northern, Southern, Eastern, Western and North-Eastern. Andhra Pradesh comes under the 
Southern grid. The Government of India's Central Electrical Authority publishes data on C02 
emission in each zone per unit of electricity produced. According to the OGeneration Report" 
(GOI, 2001-02a), the total electricity in the Southern grid was 130478 Giga waft hours in 
2002, which produced 90,808,534 tons Of C02. Therefore, one kilo Watt hour will emit 695 
grams Of C02- 
8.4.3 Non-Renewable Energy andC02Emission for Transportation of 
Materials from the Outlet to the Site. 
It may be recalled that the Development Alternatives' data on unit embodied energy is 
applicable on the finished building materials at the production site. Carbon-based fuel energy 
from the same data has been adopted to estimate the C02 emission of the materials. This 
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section will discuss the process of calculating additional embodied energy and C02 emission 
owing to transportation of the finished building materials from the production units to the 
construction sftes. The Energy Directory of Building Materials (1995) by Development 
Alternatives has referred to the Tata Energy Data Directory Yearbook (TEDDY, 1993) to 
show the energy required for transporting unit weight of materials per unit distance by roads 
and railways. According to that, a 12.5 tons capacity diesel-operated TATA-truck consumes 
0.26 klio Watt hours (thermal) of energy for transporting a ton of materials per kilometre 
(Energy Directory of Building Materials, 1995, table 3: 131#118). Similady, it shows that the 
diesel-operated rail locomotion consumes 39.78 kilocalories per tonne per kilometre of 
transportation, as shown in the same table-3. Based on these, the data in Table 8.6 has been 
adopted for calculating the non-renewable energy and C02 emission for transportation of the 
finished building materials from the production unit to the site. 
Table 8.6: The basis of embodied energy calculations for transporting materials by rail 
locomotive and truck. 
Transportation Average energy per ton Unit of Converted to 
energy by diesel of material per kilometer energy kilo Waft hours 
operated 
Rail Locomotive 39.78 kilocalone 0.046 
12.5 tons TATA truck 0.26 kilo Waft 0.260 
hours[theffnao 
-uuiL; r. r-nergy uirectory ot i3witling matenals, 1995, tabie-3, page 1#lt$, ) 
C02 emission per ton of materials transported = 0.046 x 860 / 8084 x 44/12 = 0.018 
by rail per kilometre kilograms 
C02 emission per ton of materials transported = 0.26 x 860 / 8084 x 44/12 = 0.10 1 
by 12.5 tons TATA truck per kilometre Kilograms 
Based on these, the non-renewable energy and C02 emissions have been calculated for 
different materials. The Appendix -4 shows the final quantities of embodied energy and C02 
emission of different materials. 
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8.5 LEVEL-1 PRIMARY MANUFACTURE, 
The section 8.2 to section 8.4 have explained the basis of calculating unit cost, unit retention 
of investment on construction, unit embodied energy consumption and emission Of C02 Of 
the Level I materials. All these calculations are with respect to Jaggamguda. In this section 
the process of the data relating to level-1 materials have been explained. 
HARD GRANrrE METAL (40 mm). STONE CHips 20 mm AND 6 mm 
The stone boulders were procured from the local quarries. There were a few crusher houses 
within the district and all of them had information on the process of production. However, the 
most systematic data on production was found at AFCONS' site at Turkapally. The total 
amount of electricity consumed per kilogram production of 40 to 6 mm hard granite metal 
and aggregates was 0.01 kilo Watt hours. This is similar to the Development Alternatives' 
data (0.0105 kilo Watt hours per kilogram). The unit cost of the materials (40 mm, 20/12 mm 
and 6 mm) are shown in the Table 8.12. The stone boulders are crushed first and then 
passed through different gratings to separate out the different categories of the aggregates 
and then they are put in separate storage bins. Since the entire process involves a common 
team of skilled workers and helpers, the labour costs could not be attributed to the individual 
category of aggregates. Therefore, while the unit costs of the three types of aggregates are 
different, their labour components have been considered to be the same. According to the 
average data obtained from three crusher houses in Ranga Reddy East, skilled and unskilled 
workers are 4% and 7% of the total cost respectively. The source of stone dust was the 
AFCONS crusher house. It is a by-product of aggregate production and hence, the total 
production energies have already been put on it. Therefore, production energy of stone dust 
has been assumed to be zero. 
RANDOM RUBBLE STONE. COURSED RUBBLE STONE 
Random rubble and coursed rubble stones were procured from the quarry at Turkapally 
village. These two types of stones were the most commonly used material from foundation to 
the plinth level. Small amounts of energy loss and emission took place during blasting, which 
was once in fifteen days. At least 1000 cubic metre of stone blocks are quarried in one 
blasting and hence, its impacts have been ignored. Apart from the blasting, the rest of the 
process was manual, e. g., quarrying, loading the truck and unloading the stone blocks at site, 
etc. Therefore, the embodied energy in the material considered is only owing to its 
transportation from the quarry to the sites. The average unskilled workers' cost was about 
WCONS, a road construction company, was laying the National Highway passing through Ranga Reddy 
District They had a crusher house at Tutkapally, which was a major source of stone chips for the adjacent areas. 
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25% of the total material cost till it reached the construction site. Table 8.12 in the end of this 
chapter shows the socio-economic and environmental data on random rubble and coursed 
rubble stone. 
40 Mm THICK TANDUR STONE 
Common people in Andhra Pradesh preferred to use sand stone slabs as flooring materials, 
named after the places from where they were quarried, e. g., Shahabad, Cuddappa, Tandur, 
etc. In Ranga Reddy district, Tandur stone was used since that was the closest source (120 
kilometres). These stones were either polished or rough and the latter variety was preferred 
by the common people because of its low cost (half the cost of polished stone). The same 
stone was used as a roofing material in many buildings also. The tabour for quarrying and 
transporting stone to the site has not been considered in the off-site income generation since 
it went out of the district. Only the agency charges of 20% of the total cost of the stone till it 
is delivered at site has been considered as retention. Table 8.12 shows the socio-economic 
and environmental data on Tandur stone. 
SAND FOR MORTAR. SAND FOR FILLING. STONE DUST. SOIL FOR CEMENT STA131LISED MUD BLOCK 
The fine aggregates used in mortar, concrete and filling plinth were mined from the quarries. 
The sand from local quarries was very fine and had high sift content, which was not suitable 
for construction. Medium coarse sand for mortar and coarse sand for concrete works were 
road transported from Siddipet, which was about 80 kilometres from Ranga Reddy District. 
Table 8.12 shows the socio-economic and environmental data on different types of sand, 
stone dust and soil. 
WIRE-CUT BRICKs AND CLAY TILES 
Wire-cut bricks f230 mm x 115 mm x 75 mm) 
It is important to note that almost the entire production of bricks in India is working on coal 
based technologies. In clamp bond system, 1000 bricks require 400-500 kilograms of coal. 
Bull's trench kilns require 180-200 kilograms of coal per 1000 (Aslam, 1993). Gujarat alone 
produces 2 billion bricks per season, which are totally coal-based (Oza, 1993). 
It has been already mentioned that the quality of clamp bond bricks produced in Ranga 
Reddy was poor. In 1995-96, there was only one semi-mechanised brick production unit in 
RajbolaraM2 that manufactured wire-cut bricks with river bank clay. The plant had a single 
2 Data collected on the 18f, May, 1996, Saturday from the bdck kiln at Rajbolaram, a village situated at a 
distance of 7 kilometres from the Government administrative office, Ranga Reddy distftt 
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deck extruder with a capacity of 1,250 bricks per hour resulting in 10,000 bricks per day. 
The clay column extruded through the die was cut into bricks by hand operated cutter, Bricks 
were air dried in a shed, arranged in stacks and then finally fed to the high draught kiln. The 
kiln was a top-fed, rice husk fired continuous production unit in which fire followed a linear 
path. Following is the data on brick production at Rajbolaram. 
10,000 bricks per stack was burnt for 72 hours and cooled for 24 hours. 
Half truck i. e., 3 cubic metre of rice husk weighing 5 tons was camed from a distance of 
10 kilometres. 
The clay for brick making was obtained from a local river about 6 kilometres from the 
kiln. 
The total direct labour input for the production of 10,000 bricks per day was as follows 
o Skilled worker = 6, i. e., 0.0006 working days/ brick 
o Unskilled worker = 26, i. e., 0.0026 working days/ brick 
The labour involvement in brick production at Rajbolaram was very close to the data 
provided by the National Research Development Corporation, India, (NRDC, 2003). 
According to their data, the manpower requirements for the production of 30,000 bricks per 
day are as follows. 
Skilled workers = 20 working days 
Unskilled workers = 85 working days 
Direct manpower per brick 
Skilled worker = 20130000 = 0.0007 working days 
Unskilled worker = 85/30000 = 0.0028 working days 
The above data is very close to that of Ranga Reddy, In this section the National Research 
Development Corporation's data on manpower requirements for brick production has been 
adopted and the following calculations based on 1M data indicate the extent of income 
generation in Ranga Reddy district. 
Daily wages according to the Standard Schedule of Rates (SSR, 1996). (Rs. 80 = EI) 
Skilled worker = Rs. 71.5 / day x 0.0007 working days = Rs. 0.050 / brick 
Unskilled worker = Rs. 37,8 / day x 0.0028 working days = Rs. 0.106 / brick 
Brick price in 1996 was Rs. 1.3 (EO. 016) per piece, out of which, 4% and 8% respectively 
were the skilled and unskilled workers' cost, Therefore, the total income generation was 1vo 
of the cost of brick. The semi-mechanised brick production was less income-generating than 
the manually-operated clamp bond method, e. g., according to SKAT (1990: 97), 22.3% of 
brick production cost in Bangladesh was on manpower. 
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It may be noted that, although rice husk was used as fuel in Rajbolaram, the general trend in 
India is to use coal and/or firewood for brick production, which has been the basis for energy 
calculation in the Development Alternative's data. The total thermal energy for production 
between Development Alternative's data and the Rajbolaram data will not vary much 
because both used standard machinery. Therefore, the embodied energy owing to coal/petrol 
(1.0674 kilo Waft hours per brick) and fire wood (0.327 kilo Watt hours per brick) may be 
assumed to be generated by burning rice husk. Therefore, the total thermal energy of 1.394 
kilo Watt hours (5.01 MJ) per brick will be owing to burning agriculture waste. These two 
alternatives will be used while calculating the impact assessment. It may be noted that there 
are efforts towards reducing C02 emission and embodied energy in brick production. The 
Vertical Shaft Brick Kiln technology, in its introduction stage in India, already demonstrated a 
potential savings of 120 tonnes Of C02 per million bricks produced. (Kumar et al, 2000). 
However, this method is yet to gain popularity, 
CLAY Tu-lEs (250 mm X350 mm) 
Clay tile was introduced in India in 1864 (Gupta, 1998). The industry was introduced by the 
Basel Mission Pioneers in Mangalore, India. Popularly it is called Mangalore tile. The size of 
the tiles vary from region to region, however, the most commonly available dimensions are 
250 mm x 350 mm. The socio-economic and environmental data of clay tile is shown In 
Table 8.12 based on the Energy Directory of Building Materials (1995). 
Lime and Cement 
Both lime and cement were brought from outside Ranga Reddy district. They had two 
different sources Of C02 emissions during cement and lime production. Combustion of fossil 
fuel to operate the production process in the kilns is a large source. The chemical process of 
calcining lime stone into lime also produces C02. Therefore, both for cement and lime, C02 
emission owing to calcinations of lime stone is as important as the fossil fuel burning. The 
type of fuel and energy input has been shown in Table 1,4 of Appendix 1. 
Lime 
Based on Development Alternatives' data, the C02 emission for lime production has been 
calculated to be 0.552 tons per ton of lime production. According to the Government of 
India's (GOI, 2004', 42) Green House Gas Inventory Information, C02 emission can be 
calculated from the following formula; Emission factors Fraction of CaO content in clinker 
* 0,7848 + Fraction of MgO content in clinker * 1,0915 (1 + Cement clinker to dust losses 
from the plant) 
Since we are calculating the C02 emission owing to CaO production we may reduce the 
expression as follows-, 
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Emission factors = 0.7848, i. e., I tonne of Cao will produce 0.785 tonnes Of C02 (ignoring 
the MgO content) 
Therefore, for the production of lime, 0.552 tons Of C02 will be produced for the fossil fuel 
burning and 0.785 tons will be for the calcinations, which makes a total of 1.337 tonnes. 
Since these were brought from outside the district, the off-site labour does not apply for 
retention calculation. Lime was transported from the source to the building material suppliers 
in Ranga Reddy from where it was transported to the sites. In this process the material 
transportation over 120 kilometres was by 12.5 tons TATA truck and by road. The socio- 
economic and environmental data of firne is shown in Table 8.12. 
Cement 
The Indian cement industry is about 85 years old and is the third largest producer in the 
world. The production capacity of various plants varies from ten tons per day to 6,000 tons 
per day (TERI, no date). Ordinary Portland cement is a major part of the total cement 
production in India, which could be attributed to its traditional usage in building industry. The 
total C02 emissions of the cement sector has increased by about 2.4 times from 1981-82 to 
1994-95 on account of increased sectoral activity (TERI, no date), 
The C02 emissions have declined from 1.16 in 1981-82 to 1.00 tons/ton of cement 
production in 1994-95 largely owing to the commissioning of many dry process plants of over 
one million ton capacity (TERI, no date-a). According to a report of THE CEMENT 
MANUFACTURERS' ASSOCIATION (no date) on the Indian Cement Industry, total C02 
emissions per ton of cement (assuming a 0.95: 1 clinker to cement ratio) ranges about from 
0.85 to 1,15 ton, say one ton, These sources do not explicitly discuss the C02 emission 
owing to time stone calcinations. 
Development Alternatives' data provides the break up of coal/petrol, electricity, fire-wood 
and non-wood (rice husk) required for one kilogram of cement production. All these data are 
provided in kilo Waft hours, which means that the carbon content and oxidation efficiency of 
the respective fuels have been considered and accordingly the net energy has been 
calculated. According to Development Alternatives' data (Energy Directory of Building 
Materials, 1995), the electrical energy for cement production is 120-155 kilo Watt hours per 
tonne and fuel consumption per kilogram of clinker is 950 kilocalories (1.105 kilo Waft 
hours). The report by National Council for Cement and Building Materials (NCCBM, 2002-03) 
states that the improved production technology has reduced the embodied energy of cement 
and the revised data are 734 kilocalories (0,853 kilo Waft hours) of fuel per kilogram of 
clinker and 0.084 kilo Waft hours per kilogram of cement production. This (NCCBM, 2002-3) 
being the latest data, has been adopted for calculating embodied energy of cement. The 
following Table 8.7 and Table 8.8 show the break-up of energy input in 1994 and 2002-2003. 
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Table 8.7: The energy consumption per kilogram of cement including quarrying, production 
and transportation according to Energy Directory of Building Materials, 1995. 
Category Petrol/Coal Electrical Miscellaneous total kilo Watt 
hours/kilogram 
Quarry 0.0156 0.00008 0.0157 
Production 1.076 0.324 1.4000 
Transportation 0.183 0.1830 
Total kilo Watt hours/kg 1.2746 0.324 0.00008 1.5987 
Note :I he shaded box shows the consumption of petrol/coal and electricity in production oT cement 
are 1.076 and 0.324 kilo Watt hours respectively. 
Table 8.8 The energy consumption per kilogram of cement including quarrying, production 
and transportation according to NCCBM (2002: 03) 
Category PetroV 
Coal 
Electrical Miscellaneous total kilo Watt 
hours per kilogram 
Quarry 0.0156 0.00008 0.0157 
Production 0.8535- 0, . 084 
0.9375 
Transporlation 0.1830 0.1830 
Total kilo Watt 
_hours 
per kilogram 
1.0521 0.084 
___ 
I ý. 00008 1.1362 
Note : The shaded box above shows the consumption of petrol/coal and electricity in production of 
cement which have reduced compared to the data shown in the shaded box of Table 8.7. 
Table 8.8 shows that the embodied energy of cement has been taken as 1.1362 kilo Watt 
hours per kilogram. The same data will be adopted for calculating C02 emission and non- 
renewable embodied energy. The emission owing to calcinations of CaC03 has been 
adopted from the Government of India's (GOI, 2004) Green House Gas Inventory 
Information. According to the latter's estimation, the weighted average emission factor for the 
cement industry in India is in the range of 0.534 to 0.539 tonnes per tonne of cement clinker. 
In this dissertation an average value 0.537 tonnes per ton of cement in the process of 
calcinations of lime stone (CaC03) has been adopted. If we compare this with that of the 
United States of America, C02 emission owing to fossil fuel burning and limestone (CaC03) 
calcinations are 0.75 tonnes and 0.5 tonnes respectively (BuildingGreen. com, 1993: 7). 
Therefore, the total emission Of C02 in India is 1.01 tonnes per tonne of cement (Table 1.4 of 
Appendix 1) 
, compared to 1.25 tonne in USA. This data has been adopted in this dissertation 
since the other sources of data do not explicitly mention this aspect of CO, emission of 
cement. 
In Ranga Reddy, cement was procured from a mini cement plant about 100 kilometres from 
Hyderabad, and transported to the main distributor at Hyderabad by 12.5 tons TATA truck. 
From there, it was transported to the site as and when ordered by the local agent at Ranga 
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Raddy. The total distance covered by 12.5 tons TATA truck was 135 kilometres. For the 
retention calculation, only the agency charge of 151/6 of the total cost of cement has been 
considered. Since these were brought from Outside the district, the off-site labour does not 
apply in the retention calculation. The socio-economic and environmental data of cement is 
sbown in Table B. 12. 
REINFORCING STEEL. STRUCTURAL STEEL. BINDING WIRE 
According to Shastri (2003), the global production of steel is 780 million tons and it emits 
approximately 356 million tons Of C02 globally from the cradle to the gate. Indian iron & steel 
industry is the 9th largest producer (28.8 million tons in 2002) (Shastd, 2003). According to 
the Organisation for Economic Co-operation and Development (OECD, 2001), iron and steel 
industry is the largest energy consuming manufacturing sector in the world. In 1990, its 
global energy consumption was estimated to be 18-19 Exa Joules, or 10-15% of total annual 
industrial energy consumption, The associated C02 emissions are estimated to be 1425 
million tons. In 1995 this amount increased to 1442 million tons C02, equalling about 7% of 
global anthropogenic C02 emissions (OECD, 2000). 
Shastri (2003) refers to Phylipsen (2000) to state that the C02 emission per ton of crude steel 
production ranges between 1.4 - 3.7 tons. He states that emission Of C02 at the Steel 
Authority of India Limited is 3.4 tons per ton of steel whereas TATA steel emits 2.66 tons per 
ton of crude steel. According to the Development Aftematives' data, one ton of structural 
steel and reinforcing rods emit 3.8 tons and 3.2 tons Of C02 respectively, which is very close 
to the Steel Authority of India's data. 
In Ranga Reddy, structural steel and reinforcing rods were procured from a mini steel plant 
that was about 100 kilometres from Hyderabad. By means of 12,5 tons TATA truck steel was 
transported to the main distributor at Hyderabad from there it was transported to the site as 
and when order was piaced by the local agent at Ranga Reddy. The total distance covered 
by road was 135 kilometres. For retention calculation only the agency charges of 15% of the 
total cost of has been considered. Binding rods were also from a similar distance and hence, 
the same data has been adopted for it. The socio-economic and environmental data of steel 
is shown in Table 8.12. 
WOODEN SHUTTERING AND SCAFFOLDING. TiMBER FOR STRUCTURAL USE 
Wood plays three roles in the forest Sector carbon cycle, viz,. a physical pool Of Carbon, 
substitute for more energy intensive materials, and a raw material to generate energy. Wood 
removed from a forest by 1harvest can be viewed as a replacement for natural mortality 
QPCC, 2001) (albeit at faster rate). Even when converted to products, they continue to hold 
captive large volume of carbons in their cells (Sedjo, 2001). The issue, however, is whether 
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one should consider the embodied carbon present in timber while calculating the impact on 
environment. If timber is used in a building as flooring, doors, windows, shelves, interior 
decoration elements, etc., a large amount of embodied carbon will continue to exist in the 
entire life cycle of the building. In the end it may be disposed off to a paper factory or similar 
use. Since this carbon will not emit C02, this aspect has not been considered in this section. 
Let us now examine the impact of wooden shuttering materials for roof slab casting and 
wooden scaffolding used in general construction. The field experience in Ranga Reddy 
district revealed that shuttering materials could at best be used five times for concrete 
casting provided that it is of good quality and the maintenance is regular. While 
implementing the DFID funded Orissa health project in 1999, the contractors reported that 
the poor quality jungle wooden shuttering could not be used more than twice for casting 
reinforced cement concrete slab, which was probably owing to their reluctance in maintaining 
them. 
Figure 8-2 The huge amount of local wood used for the sun-shade casting at Panasapada 
under the DFID funded Orissa Health Project. 
0 
ci, 
C. ) 
0 
ci) 
In Itarnati district of Orissa, steel shuttering was available and hence, it was used in roof 
casting. These shuttering materials were taken from the state Government's Infrastructure 
Development Corporation. According to their record book it was the 89th casting (in 1999) by 
the steel shuttering materials and its condition was so good that it could bear the wear and 
tear of many more GWings. 
similarly, the wooden scaffolding could be used for two buildings of 100 square metre each, 
whereas steel props could be used for about 100 buildings, if not more. Therefore, steel 
shuttering and scaffolding appear to be more cost effective in terms of their life cycle use. 
However, this dissertation adopts wooden shutter and scaffolding for impact assessment 
because of their wide use across the country. It is important to note that illegal procurement 
of jungle wood for scaffolding and shutter is very common at village level. in this process, 
timber is being depleted and hence, its impact needs to be assessed. 
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Wood for Shufferinci: 
Shuttering is required for in-situ casting, e. g., reinforced cement concrete root A surface is 
created on which reinforcing bars are placed according to structural design and then cement 
concrete is cast on ft. compacted and then cured for at least two weeks before the slab is de- 
shuttered. 19 mm thick wooden shuttering was generally used in Ranga Reddy district. These 
shutters were supported by Eucalyptus poles of about 75-100 mm diameter. Procurement of 
the eucalyptus poles of 100 mm diameter, i. e., felling, cutting to size, etc., were all done 
manually. The embodied renewable energy and the non-renewable energy and C02 emission 
owing to the transportation of the wood from the jungle to the contactors' store and then from 
there to the site and back have been considered in this section. At site, the poles are 
manually tied with handmade ropes. The total weight of wood was 95 kilogram per square 
metre and 4 is assumed to be used for casting a slab five times. 
Scaffoldingo 
Scaffolding is required in any construction activity where the work location is higher than the 
convenient reach and movement of the masons, e. g., masonry walls, painting, plastering, 
etc., beyond 1500 mm height from floor or ground level. Eucalyptus poles of 75-100 mm 
diameter were used as scaffolding. The making of scaffolding work was also a manual job 
and hence, the small amount of embodied energy and C02 emission owing to the 
transportation has been considered. For determining the quantity of wood required in 
scaffolding, it has been assumed that; 
for constructing 100 square metres of floor area, 30,000 bricks are required (Rai 
Jaisingh, 1986). According to the analysis of rates of the Panchayati Raj Engineering 
Department, one cubic meter of brickwork consumes 480 bricks. Therefore, 100 square 
metre of floor area will have 62.5 cubic metre of brickwork in it. Calculations (Appendix 1) 
show that a total of 463 kilograms of wood is required to make the scaffolding complete, 
which could be used for construction of two buildings each having 100 square metre of 
covered area. 
Wood materials have advantages of having relatively small energy requirements in their 
Production and thus carbon emissions associated with their production is modest 
(Sedio, 2001). For doors, shuttering and scaffolding, the embodied energy has been 
calculated under the head 'renewable wood' based on the Energy Directory of 13uilding 
Materials (1995). 
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RUBBER BASED WATERPROOFING COMPOUND. 
Rubber based waterproofing compound is used in concreting and rooftop plastering. The 
percentage of this is 0.2% (by weight) of the cement used in mortar or concrete. Data on 
rubber-based waterproofing compound in the Indian context was not available. From the 
internet, data on rubber and natural latex provided by Alcom (1998) was found to be 67.5 
Mega Joules per kilogram in the context of New Zealand. It may be noted that Alcorn's data 
on steel, cement, etc., were comparable with that of the Indian database. Therefore, Alcorn's 
data has been adopted in this dissertation. 
DIESEL 
The use of diesel in construction is primarily for the transportation of all materials from level- 
1 to level- 3- from raw materials till the finished product reaches the site. Embodied energy 
and C02 emission of each material in this context have been calculated according to Tata 
Energy Data Directory Yearbook (TEDDY, 1993). In addition to transportation, only a very 
small amount of diesel is required for operating concrete mixing and compaction (1.2 litrest 
cubic metre). In Ranga Reddy, diesel was brought from a refinery in Maharashtra, 651 
kilometres from Hyderabad, by rail locomotive. From Hyderabad it was road transported by 
diesel operated TATA truck (35 kilometres) to Ranga Reddy. The following is the basis of 
embodied energy and C02 emission calculation per litre of diesel used at Jaggamguda site to 
operate concrete mixing machine and vibrator. The production energy of diesel has been 
excluded owing to the lack of reliable data. The following has been referred to while 
calculating embodied energy of diesel. 
Density of diesel 960 kilogram/cubic metre IS 875 (Part-1) - 1987 
Carbon content = 80% (TERI, no date). 
Combustion efficiency = 9Wo (TERI, no date). 
Distance covered by Rail locomotive 
= 651 kilometres 
Distance covered by TATA Truck 
= 35 kBometres 
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8.6 LEVEL-2 SECONDARY PROCESSING- 
Based on level-1 materials 
All the pre-cast elements could be produced at site, if the quantity of production is more than 
the break even point. According to the Andhra Pradesh Primary Education Project 
experience, the onsite manufacturing of a particular pre-cast element will be economically 
viable only if at least ten classrooms (36 square metre each) could be constructed using that 
element. In Andhra Pradesh Primary Education Project, most of the pre-cast elements were 
introduced for the first time and hence, an on-site production process was adopted. However, 
to make it cost effective, production sites were located at the load centre of requirements, 
e. g. a village named Kokapet was chosen for micro concrete tile production since that was 
more or less centrally located With respect to the other sites where the same roofing system 
was adopted. It is to be noted that the availability of electricity, water and condition of Toads 
also are be considered while selecting a site for pre-casting. 
If there is an adequate market demand, all the level-2 materials should ideally be produced 
in a building centre for the ease of quality control. It will also be a permanent institution for 
employing the local people. As mentioned before, it has been assumed that the pre-cast 
production unit at Aliabad would turn out to be the source of all the level-2 products under 
consideration. The distance between Jaggamguda and Aliabad is two kilometres, which does 
not make any difference in the cost of transportation from the source to the site, which is 
charged in steps of five kilometres. Similarly the variation in embodied energy and emission 
for the reduction of two kilometre distance will be low, e. g. for the transportation of stone 
chips from the quarry to Aliabad embodied energy will be reduced by 0.6%. Therefore, the 
lead chart of level-I materials for Jaggamguda has been assumed to be valid for Aliabad 
also. However, the cost and energy for transportation of the finished pre-cast elements from 
Aliabad to Jaggamguda have been considered including the loading of the pre-cast materials 
at the building centre and unloading at site. In Andhra Pradesh Primary Education Project, 
loading and unloading were done manually and hence, are labour-intensive. It is important to 
note that, if the distance between a site and a building centre is more than five kilometres, a 
separate lead chart should be prepared and linked up with the analysis of rates of the level-I 
materials. # 
The analysis of rates approved by the Government of Andhra Pradesh was the basis of 
calculating socio-economic and environmental impacts of each level-2 technology. For 
calculating the impacts of transportation involving diesel, data from Tata Energy Data 
Directory Yearbook (TEDDY, 1993) on the road transportation has been adopted. The heat 
energy and specific gravity of diesel have been assumed 10,625 kilocalories per kilogram 
(Energy Directory of Building Materials, 1995) and 0.96 (IS 875 (Part-1) - 1987) respectively. 
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About 0.55 litres of diesel is required for transporting 12.5 tons of pre-cast elements over 2 
kilometres. The corresponding 1M rate of diesel (SSR, 1996) has been adopted to 
calculate the transportation cost. 
The level-2 materials have been divided into walling and roofing elements and the following 
section will describe them. Before we embark on detail analysis, let us first look at Table 8.9 
which refers to the respective Appendix for detailed information on the different walling and 
roofing systems. 
Table 8.9 The pre-cast walling and roofing elements assumed to be produced at Aliabad. 
Level-2 component Description Appendix and 
page number 
Walling systems 
Cement stabilised Cement stabilised mud block is made by compacting a Appendix III 
mud block (5% mixture of soil and cement (5%) in a block making page number 
stabilization) machine that is usually 100% manually operated. xvii 
Interlocking cement An interlocking cement stabilised mud block is made by Appendix III 
stabilised mud block compacting mixture of soil and cement (10%) in a block page number 
(10% stabilization) 
I 
making machine that is usually 100% manually operated 
I 
xxi 
Stone concrete Stone concrete blocks are made up of lean concrete mix Appendix III 
blocks of cement: sand: coarse aggregate; 1: 16,1*7 or 1: 5: 8 page number 
xxiv 
Roofing systems 
Reinforced cement Pre-cast reinforced cement concrete joists are beams Appendix IV 
concrete joists with small sections. These are supported on beams or page number 
walls. The joists support the planks. xxxii 
Reinforced cement The planks are small reinforced cement concrete slabs. Appendix IV 
concrete planks These are placed between the joists and the gaps page number 
between the planks are filled with concrete to form a roof mod 
or intermediate floor. 
Reinforced cement Pre-cast reinforced cement concrete channel is a trough Appendix IV 
concrete channels section cast in reinforced cement concrete and formed on page number 
a ground mould. After adequate curing, it is lifted and xxxvii 
placed between the walls or beams to make a roof or 
intermediate slab 
Ferrocement A pre-cast ferrocement channel is a light weight roofing Appendix IV 
channels element, which is made of 1: 2 cement and sand mortar page number 
and mild steel reinforcement The casting of ferrocement x1i 
channel is done on a ground mould, then it is cured and 
lifted in position to make a root 
Micro concrete tie Micro-concrete tiles are made of plain cement concrete Appendix IV 
using small stone chips (maximum size not more than 5 page number 
mm) and hence, it is called micro concrete. )div 
SDUrce7 Based on Appendix III and Appendix IV 
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8.6.1 Walling elements: Cement Stabilised Mud Block, Interlocking 
Cement Stabilized Mud Block (10%) and Stone Concrete Blocks 
These three types of building products were used in masonry wall construction. Cement 
stabilised mud block was produced with 5% cement. The interlocking cement stabilised mud 
block was produced with 10% cement. All the blocks have been assumed to be from the 
building centre at Aliabad, which was about 2 kilometres from Jaggamguda. The following 
Table 8.10 shows the important aspects of the walling elements (level-2). 
Table 8.10 The basic information on the pre-cast walling blocks 
Description of the pre- Dimensions Dry weight per Wall thickness 
cast blocks block (kilogram) (mm) 
Cement Stabilised Mud 230 x 108 x 76 3.6 230 
Block (5% stabilization) 
Interlocking Cement 300 x 150 x 100 7.5 150 
Stabilised Mud Block (10% 
stabilization) 
Stone concrete blocks 290x 190 x 140 18.8 190 
tiourm. nom Appendix III 
The costing detail of these three walling blocks has been shown in Appendix III, which has 
been divided into material and labour costs. The labour components have further been 
divided into on-site and off-site, which has already been explained. Money retained within the 
community is the net amount after deducting production labour and fuels which are brought 
from outside the district. Table 8.12 shows the socio-economic data calculated with respect 
to Jaggamguda. 
8.6.2 Roofing elements: Pre-cast Reinforced Cement Concrete Planks, 
Joists, Channels, Ferrocement Channels and Micro Concrete 
Tiles 
These roofing systems (level-2) have been assumed to be produced in the same building 
centre at Aliabad. Out of these, reinforced cement concrete and ferrocement channel units 
could span over 5.5 metre wide classrooms. The economic span of a pre-cast reinforced 
cement concrete joist is 2.7 metres. The joists were placed between the wall and the 
intermediate beam with a spacing of 1200 mm -1500 mm centre to centre. The gaps were 
bridged with pre-cast reinforced cement concrete planks, brick arches or stone plates to 
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make plank and joist, jack-arch or stone roofing. The following table shows the important 
information about the mofing elements. 
Table 8.11 The basic information on the pre-castrool'ing elements. 
Description of the pre-cast blocks Dimensions (in mm) Dry weight 
(kilogram) 
Reinforced Cement Concrete Planks 300 x 60 x 1500 length 54.35 
Reinforced Cement Concrete Joists 150 x 150 x 2470 length 135.87 
Reinforced Cement Concrete Channels 295x 130 x (25 thick) x 3600 length 142.66 
Ferrocement Channels 50OX 25 x 6500 length 424.03 
Micro Concrete Tile 230 x8x 400 2.3 
Zource' Calculations based on Appendix IV 
The unit weights of the roofing elements in the above table show that ferrocement channel 
roofing unit had the highest weight. Ferrocement channels were lifted to position by manual 
labour and hence, the load carrying capacity of the construction workers needed attention. 
Although a railway porter can carry 40 kilograms of weight, the same does not apply in a 
situation where a group would lift a heavy element such as ferrocement channel. According 
to the field experience of Andhra Pradesh Primary Education Project, it may be assumed that 
each labourer can lift 25 kilograms safely. Therefore, 16 labourers were engaged for loading 
and unloading the ferrocement channels. The time and motion study of Andhra Pradesh 
Primary Education Project revealed that each channel required about 20 minutes for loading 
and about the same time for unloading and stacking, i. e., 1.33 working days. Similady, 
reinforced cement concrete joists and channels required a team of 6 labourers and they took 
20 minutes for loading and unloading, resulting in 0.25 working days per unit. Similady 
planks would require 0.08 working days per unit. 
This chapter has described the process of data collection from different sources and why a 
particular one was adopted in this dissertation. Many technical discussions with the institutes, 
individuals and the Ministry, as mentioned in this chapter, helped in working out the final set 
of data as shown in Table 8.12. It is important to note that the data in the table is just 
acceptable, since some of the energy data are not from Indian sources. There was a 
consensus among the research institutes and the individual researchers that there should be 
a Complete energy handbook for the building industry. The next chapter deals with the 
complete walling and roof systems to form the suitable database for impact assessment. 
215 
cts 
0 
0) :3 
1: ) 
CO 
72 
cc 'a a cc 
(I) 
0 
'2 
8 
0 ca 
CM 
Co ca KY- 
11 
ci 0 
c) E 
Mm C» 0 c3) a) 
c3) M 
. E- -0 
0 
i5 
E 
> 
E0 
.r0 CL c6 4. - om 
0 
2 
89 
E 
Et 
-1 (0 
C. 4 9 V') Ir: (D Co (» 
0%- 
cu 
re a 0 0 E iß (n . r- - m ci d 0 d ci ci cs 
mc r_ r_ c r_ 
r- r_ c 
- >E 0) c» a) Co 0) Co cu 0) 0) CI) 4) cm 4) cm 0 to (L) (3) LE) , tuo , wen , tuo , ,, 2 , g , 
o 0 
Co 
eln k <, » lau 0 
< 0) .2 ýu 
0 
< 
Co 3: m j2 2R 115 0 0 g 29 o cý 
: 
;2 ;2 ;2 c4 Co LE) tn to U. ) u) tn - K - K K cs cj - - - cs 
6 2 1? ? ? ý 
N 
sý 
(n LD ý Ln ý 
(0 9 
tn 0) g2 A R & ý ;; ý 
0 (3) OD 11 Ln i ; 
le 2 j 
(D tu 0 (0 to (0 Ul) 
0 C) ci 0 0 0 0 0 tn 0 0 0 V) 
0 Ö cs ci ci ci ö ö ö Ci 
.Q U) (4 t'4 Ln 0 
0 r_ r.: vi 
c4 ci 
r- A -j 
j; Z; . ;Z 9 ;ý - ? iý ý e ? 
ILQ- 
m 0 x e 
r- 
c4 
- ei cj 
: 
0 CD c4 r) in N 
' l 1 
E -2 E -2 E -0 E -0 E Z E 
m 
tn tn CD Ln 
0 ý ? CD 9 ý; e (4 0 W c9 c4 r- p4 ýq V) A 
(b 9 g g ci -0 (4 Co (xi 9 9 9 i i c6 
. 92 0 
0 
0 0 
M 12 cm . 92 0 12 
cm 
A 
M 
m 
Ln 
le 
40 
F- (V 2 T Z 
'e m cr, -2 
«a 
ýa 
m 
2 . 
92 
2 
0 
E K" -% 16 0 
C) 
= 
0 
X 
0 20 r 
iö 
2! 
* 
m m E 0 0 m 15 _ 2 E 
E E E E 
0 10 2 -0 
2 
-0 E 
ý 
E -t - - 
E E (0 0 
2 
I 
im 
0 
Z 
Ul) co r- Co (» i 
0 
l 1 
CD 
C. 'l 
ci - Co 
0 ci 0 c5 0 
(C C 
c90) 
tu, 
1310 
m l' tcu" ', ' cao> 0 l) 121 0 (U l) 
m 
0 40) 4, 
c3) 0 
tu m 
0) 0) 
tu 0) 
s 
C-31 
< 
0) M < 
0M 
tu < 
0 
< - <- 
ý! 
o 2 
Eý Co 
< 
0) C, 72 
< tu c 
(9 
r9 
29 2R a 
M 
cs 
ý 
cs ag e- 
9 
2p 5 
Ici tli ci cs 
CD, 
C. 1 
CD- CD 
ý 2 . 9 CD, 9 CD CY 
In C, 4 
cs tD 0 0 ci 0 ci 
r1- ci 0 0 0 
(3) 
CD 0 i cs ci ci 
Ln 
le cý CO g :$ 
1 
2 2 g g ci " - 
0 Z; 12 
1 
m ' 29 A2 « W :i 2E Z 0) -E :3 
19 
2E 
zy, 
AE 
ty, 
ýýE eý2 
C, 
8 
- 
m r- Co K e 4 g 11 Cld ' 00 Z: g» 
9 
ei 
ui V) Ln ui L6 
US 
ui ui üi 
A 
.? c 25 E E 
20 20 
AO 
:8 3r 
. 
cr. cm c a) . 0) uý 12 
C ' > m 2 
0 m u -2 5 25 c 0 > c 0 «a 
0 
Z lý 
O(P 
mE 0 42 
E 0) E D- l' Z s -ffi 
0 
e t) x 
s 
2 
0 Co * ý: 
E 
w "> , , 
8 2 E i= 
E 
= 
S li e :e Ju A W m - 1 i w 3 l 0 
0) 
0 
(0 
. 
kl 
fi 
ID 
V- 
14- 
0 
(6 (7) (3) 
V- 
4- 
0 
cc 
:5 
0 
W 
CL 
Lo 
T- 
a 
ca 
I 
"a 
(D 
(1) 
cc 
5D 
C) 
cc 
LO 
C) 
C) 
04 
ca 
E 
0 
v 
0 
CL 
ui r) 
cc CL 
E 
(D 
0 
0 
0) 
0 
(D 
7a 
0 
,a 
ca 
r- 
C14 
CHAPTER 9 DATABASE FOR IMPACT 
ASSESSMENT: LEVEL-3 
9.1 LEVEL-3 -TERTIARY FABRICATION - WALLS AND 
ROOFS 
Level-3 products consist of 6 types of walling and 11 types of roofing systems, which have 
inputs from level-2 and levef-I materials, described in the last chapter. While some of the 
roofing and walling systems are pre-cast element intensive, the others are primarily based on 
conventional materials and are in-situ process orientecL Let us now discuss walling and- 
roofing separately. 
9.2 WALLING SYSTEMS 
Each walling system discussed here has been divided into two parts, viz., the basic structure 
and'finishIng. The type of finishing on a wall depends upon the strength and endurance of the 
basic building blocks, e. g., brick, stone blocks, etc. A masonry wall with medium quality 
bricks (50 kilogram per square centimetre) needs plaster(ng and painting, whereas in a rat- 
trap wall in cement sand mortar, pointing would be adequate since bdcks of at least 75 
kilogram per square centimetre strength are used. Let us first discuss the basic structure. 
9.2.1 Basic Structure 
Basic structure here means only the structural components of the wall, e. g., in the case of 
stone concrete block masonry, it would mean the blocks, 1: 6 cement mortar, tabour, 
scaffolding, etc. It does not include any finishing such as pointing, plastering, etc. The walling 
systems have been divided into group-1 and group-2. The group-1 is based on conventional- 
materials, viz., brick and coursed rubble stone walls. All these technologies have been 
explained in the Appendix Ill. The group-2 walling systems are based on pre-cast elements. 
Let us first discuss the group-1- systems. 
WALLING GROUP-1 
Group 1 walling systems consIst of the foRoWing. 
230 mm thick solid brick masonry using wire-cut bricks in 1: 6 cement sand mortar, 
230 mm thick rat-trap using wire-cut bricks In 1: 6 cement sand- mortar, 
380 mm thick coursed rubble stone masonry in 1: 6 cement sand mortar. 
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Let us first discuss the structural aspects of the walling systems without finishing items. 
Ranga Reddy district had many clamp bond brick fields, which produced very poor quality 
bricks. These bricks would barely pass the minimum standard (35 kilogram per square 
centimetre) set by the Bureau of Indian Standards (IS-1905,1980). It Is Important to note 
that the Government engineering department has been indirectly encouraging the production 
of such poor quality bricks by recommending an increased wall thickness of 345 mm to make 
it structurally safe. When the Andhra Pradesh Primary Education Project team conducted a 
resource mapping exercise, they identified a wire-cut brick production unit at Rajbolaram 
village in Ranga Reddy East which produced bricks of average strength of more than 75 
kilogram per square centimetre. With Rajbolaram bricks one could make a structurally sound 
230 mm thick masonry wall cheaper and perhaps more durable than the conventional 345 
mm thick masonry wall-. 
The traditional shelter in Ranga Reddy is local materials based, e. g., stone masonry wall and 
foundation. Random rubble stone was cheap, however, its irregular shape resulted in a 
minimum wall thickness of 450 mm. Although coursed rubble stones were more expensive 
than the random rubble, because of the additional tabour charge for stone dressing, one 
could make 380 mm thick masonry wall with this type of stone. A 380 mm wall thickness not 
only saved- on volume, but also increased the size of internal space for any given covered 
area. 
Despite the fact that the clamp bond bricks were of poor quality, their availability and perhaps 
ease of -handling made their use popular. However, the community was very well aware of 
their poor quality and hence, never used clamp bond brick in the foundation. The trend of 
constructing stone wall, though at a slower pace, was still continuing in the district. 
WALLING GRoup -2 
The group-2 walling systems consist of the following. 
190 mm thick stone concrete block masonry in 1: 6 cement sand mortar 
230 mm thick cement stabilised (5%) mud block masonry wag In 1*8 cement fine sand 
and mud mortar. 
150 mm thick interlocking cement stabilised (10%) mud block masonry in 1: 6 cement 
sand mortar 
The above three walling systems have different thicknesses and hence, different thermal 
properties, which control the indoor comfort conditions. Thin walls, such as in interlocking 
cement stabilised mud block, are not as comfortable as 230 mm thick brick wall, especially in 
the Indian summer months. However, this section focuses on the nine socio-economic and 
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environmental parameters and the impact assessment will be on the basis of unit elevation 
area of- the walls. Factors such as right, ventilation, thermal comfort, etc., have been 
excluded from the scope of this dissertation. 
9.2.2 Finishes on Walls 
In this section the unit cost of a walling system has been treated as a complete product 
including their basic structuraf cost, external and Internal finishes. The finishing method'and 
materials vary from technology to technology. For example, external surface of rat-trap walls 
have been found to perform well with 1: 3 cement sand pointing; however, it needs brick 
strength of at least 75 kilograms per square centimetre. The pointing work for rat-trap is time 
consuming and hence, tabour-intensive. The two paralle[ leaves of 75 mm thick brick leaving 
a gap of 75 mm in between makes it rain waterproof. In conventional solid brick walls the 
external- surface Is plastered and painted to make it water proof. Coursed rubble stone wall is 
also pointed with 1: 3 cement-sand mortar. Generally, the external surface of a cement 
stabifised mud block wait is rendered with 15 mm thick mud plaster with 8% cement 
stabilisation. Since the natural colour of stabilised mud plaster was acceptable to the 
villagers of Ranga Reddy district, it was not painted. The potished surface of interiockirig 
cement stabilised mud block wall with 10% stabilisation was less water-absorbing and hence, 
a water repellent paint was applied on the external surface. In Andhra Pradesh Primary 
Education Project, polymer and cement mixed with water was used as a paint, which acted 
as a protective coat. When the interlocking cement stabilised mud block walls were inspected 
in January, 2000, minor surface flaking was observed that was glued back by applying the 
polymer-cement paint. 
The internal surface treatment for the walls was similar, i. e., plastering and lime washing in 
general- ' except In cement stabilised mud block and interlocking cement stabiffsed mud block 
wall. Cement stabilised mud block wall, like its exterior treatment, is assumed to have mud 
plaster since cement plaster is not compatible with it. tnterlocking cement stabilised mud- 
block had a smooth surface, which did not require plastering and hence, only lime wash was 
applied directly on it. Many schools did not have access to electricity, therefore, to ensure 
adequate illumination level of the classrooms, large windows were provided and the interior 
surfaces of the wafts were painted white. The following specifications have been adopted for 
the interior and exterior surface treatment of the walling systems. 
0 Cement plasterina: It is applied on both interior and exterior of solid brick wall. For rat- 
trap wall, stone concrete block and coursed rubble stone masonry, this is applicable for 
the interior surface only. It is a two-coat plaster of 12 mm thickness finished with a 
sponge. The first coat is 8 mm thick in 1: 5 cement-sand mortar and the second coat is 4 
mm thick in 1: 3 cement-sand mortar. It is water cured for seven days. 
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Mud-Plastering: It is applied on cement stabilised mud block masonry wall both on 
interior and- exterior. It Is a two-coat plaster of 15 mm thickness, finished with a sponge. 
Mud plaster is mixed with 1: 4: 8 cement-screened sand-screened mud and with 0.7 water 
cement rat[o. It [s water cured- for five days. 
Flush vointing It is applied on rat-trap, stone concrete block and coursed rubble stone 
masonry on the exterior. With a 10 mm wide purpose-made trowe[, 1: 3 cement-sand 
mortar is applied on the horizontal and vertical joints with adequate consolidation and 
poffshing to create a ffush pointed surface. It is water cured for at least seven days. 
Lime-washinw, It is applied on both interior and exterior of solid brick wall. This is 
appli - cable for the interior of rat-trap, cement stabillsed mud block, Interlocking cement 
stabilised mud block, stone concrete block and coursed rubble stone masonry wall. 
Pulverised Calcium Oxide, premixed with glue and blue colour are available in bags 
weighing 50 kilograms. The powder is mixed with water and applied three coats on the 
wall surface. 
Polymer-cement paint: It is applied on the exterior of interlocking cement stabilised 
mud block walL L[qufd latex and- cement are mixed in 2: 1- ratio by weight. The mix is 
applied on the wall surface thoroughly with a paint brush. Two to three hours after the 
first coat, the second coat is applied. It is water cured for three days. 
Table 9.1 shows the detail of finishing items adopted for the walling systems under 
consideration. Table 9.2 and Table 9.3 show the socio-economic and environmental- impacts 
of the basic structures and finished walling systems. 
Tableg. 1 E)demal and Internal finishes of the six wafling systems. 
Surface External Internal 
treatments 
Walling Plastenng or Decorative or Plastering Painting- 
Systems pointing protective paint three coats 
Solid brick wall Cement Lime wash Cement Lime wash 
plaster plaster 
Rat-trap Flush pointing NA Cement Lime wash 
laster 
Cement stabilised mud Mud Plaster NA Mud Plaster Lime wash 
block 5% 
Interlocking cement NA POlymer-cement NA Lime wash 
stabilised mud block 10% 
Stone concrete block Flush pointing NA Cement Lime wash 
plaster 
Coursed rubble stone Flush pointing NA Cement Lime wash 
plaster 
-1 ýV. r%ULI IUI 
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Table 9.2 Socio-economic and environmental impacts of the six walling systems owing to 
the construction of the basic structure only. All the values are per square metre of the 
elevation area of the walls. (Rs. 80 = El) 
Socio-economic impact Environmental impact 
Walling Unit Retained Skilled Semi Un Non Re- Waste C02 
systems cost skilled skilled renewable newable 
RsJ RsJ RsJ RsJ RsJ MJ/ sq. m. Mj/ Mj/ KgJ 
sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. 
Solid brick wall 228.70 
1 
134.23 11.77 12.40 40.23 
1 
74.38 16.01 553.19 76.57 
1 
Rat-trap 206.79 110.11 13.86 12.65 44.90 42.19 16.01 460.99 59.33 
Cement 214.49 55.05 17.27 0.00 57.77 134.15 16.01 0.01 31.07 
Stabilised Mud 
Block 5% 
Interlocking 178.95 40.66 3.15 5.66 36.96 167.43 10.44 0.01 39.55 
cement 
stabilised mud 
block 10% 
Stone Concrete 210.87 47.63 13.61 0.00 67.38 188.81 13.23 0.04 34.20 
Block I I I I 
Coursed 
I 
316.37 104.53 20.38 0.00 97.41 151.34 26.45 
I 
0.01 32.84 
Rubble Stone 
I 1 I 1 
Source: Adopted from Appendix V, Table V. 1 
Table 9.3 Socio-economic and environmental impacts of the six walling systems owing to the 
internal and exterior finishes only. All the values are per square metre of the elevation 
area of the walls. (Rs. 80 = El) 
Socio-economic Impacts Envi ronmental Impacts 
Walling Unit Retained Skilled Semi- Un Non Ren- Waste C02 
systems cost skilled skilled renewable newable 
RsJ RsJ RsJ RsJ RsJ MJI sq. m. MY Mi/ KgJ 
sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. 
Solid brick wall 115.04 13.40 11.58 
1 
20.79 41.32 49.70 
1 
64.05 0.00 11.51 
Rat-trap 86.74 10-01 9.22 16.56 29.97 37.83 48.04 0.00 8.78 
Cement 78.74 10.05 10.30 18.48 30.53 17.00 48.04 0.00 3.89 
stabilised mud 
block 5% 
Interlocking 62.20 7.03 4.58 2.31 9.39 26.74 16.01 0.00 0.77 
cement 
stabilised mud 
block 10% 
Stone Concrete 86.74 10.01 9.22 16.56 29.97 37.83 48.04 0.00 8.78 
Block 
Coursed 86.74 10.01 9.22 16.56 29.97 37.83 48.04 0.00 8.78 
Rubble Stone I II I I 
, source: By adding elements of the matrices in Appendix V, Table V. 2 to V. 5 
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9.2.3 Examining the Importance of Wall Finishes for Impact 
Assessment. 
It is important to note that none of the books and articles mentioned in the "References" 
provide a database in Indian context on different walling systems as complete building 
components, i. e., including the finishing costs. The focus appears to be mostly on the basic 
structure. One of the biggest organizations in India, promoting the use of cost effective 
construction technologies, is the Building Materials and Technology Promotion Council, 
under the Ministry of Urban Affairs & Employment, Government of India. It has brought out 
many publications in this regard, e. g., "Housing and Key Building Materials in India" (BMTPC 
& STEM, 2000), etc. However, none of them ever addressed this aspect including their 
recent comprehensive document on building matedals, 50 years after independence (Gupta, 
1998). Therefore, there is a need for examining this issue to understand the implications of 
different finishing items applied on the basic structure. 
The Table 9.2 and Table 9.3 have been presented to make a comparison between the 
impacts of the basic structure and the finished walling system. The unit cost columns of 
these two tables show that the impact of finishing items of the walls varies considerably. 
Based on the quantitative data presented in the two tables, the following figures will show the 
impacts of the basic structure and the finishing items of the walling systems on unit cost, 
retention, labour cost, embodied energy and C02 emission. 
Figure 9-1 : The unit cost of the walling systems in rupees per square metre of the elevation 
area. Rs8O = El. 
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Solid brick wall Ra4W CSM135% ICSMB 10% SCB CRS 
Figure 9-1 shows that the finishing costs of the walling systems are significant. Each bar 
shows the internal distribution of the expenses on the basic structure, external finishes and 
internal finishes of a particular walling system. The total finishing cost varies between Rs. 62 
(EO. 78) per square metre (interlocking cement stabilised mud block) and Rs. 114.13 (E1.43) 
per square metre (solid brick), which is 1.84 times the former. Therefore, there is a wide 
variation in finishing costs of the walling systems. It is important to note that the percentage 
of finishing costs may be considerable, e. g., the finishing cost of rat-trap wall is about 42% of 
its basic structural cost, whereas it is 35% in case of interlocking cement stabilised mud block 
wall, which does not require internal plastering because of its smooth surface. 
Figure 9-2: Retention in rupees per square metre of the walling systems. Rs80 El 
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Figure 9-2 shows the impact of basic structure and finishes of the walling technologies on the 
amount of retention. The bars show that the finishing items contribute very little to the 
retention because they are cement and (or) polymer based, which benefit the industries and 
people outside the domain of the district. 
The labour costs shown in Figure 9-3 include the expenses on skilled masons, semi-skilled 
masons and the unskilled workers. The labour cost of the finishing items in the solid wall is a 
little more than its basic structure. Excepting interlocking cement stabilised mud block, the 
finishing items of the walling systems contribute significantly in income generation compared 
to their corresponding basic structures. The labour cost of the basic structural cost of rat-trap 
wall is Rs. 71 (EO. 89) per square metre and Rs. 56 (EO. 7) per square metre for the finishes. 
The main reason for finishing costs being high is the labour-intensive pointing on the external 
wall surface of rat-trap wall. Cement stabilised mud block masonry also has a similar pattern. 
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Figure 9-3 Unit labour cost in rupees per square metre of the walling systems. Rs8O = El. 
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The Figure 9-1 to Figure 9-3 show the pattern of impacts of the basic structure and finishes 
of the walling technologies on socio-economy at local level. Let us now carry out a similar 
exercise to study the impacts of the basic structure and finishes of different walling 
technologies on environment. 
Figure 9-4 The unit embodied energy (non-renewable + renewable + waste) of the walling 
systems in Mega Joules per square metre of elevation area. 
800 
700 
600 
500 
(0 
'0 - 400 0 12 
r= 
ui 300 
0 200 
100 
0 
17 Walling systems- break-dovm of ernbodied energy 
17 
17 
0 
644 17 
V 
519 17 
24 
17 00 NIP 0 
----ý-O -E0 
24 8 202 150 178TO 178 --- 
> 
. 25 'a c 4) 
CL 
CL 
c 0 
-0 
M 
2 
0 U) 
Solid brick wall Rat-tap CSMB6% ICSMB 10% SCB CRS 
13 Basic siruckire 0 exiernal-plasieringtpoining E external- painling 
0 inlernal-plaslering 11 iniernal-lime wash 
CSMB- cement stabilised mud block, ICSMB - Interlocking cement stabilised mud block, SCB- stone concrete 
block, CRS - coursed nibble stone 
225 
Each bar in Figure 9-4 shows the embodied energy of the basic structure, external finishes 
and internal finishes of a particular walling system. Figure 9-4 shows that the basic structures 
of the brick intensive systems are highly energy-intensive compared to their finishes. 
However, in Ranga Reddy district, the energy required for brick making was for burning rice 
husk as a fuel, which was environment friendly in terms of embodied energy compared to 
that of coal and (or) firewood-based brick production. It may be noted that coal and (or) 
firewood-based brick production is the most widely used system in India. Therefore, 
interpretation of the brick-intensive systems in the figure above will be very different in other 
areas. The contrast of embodied energies between the finishes and basic structures of the 
other walling systems are less than brick-intensive walls. 
Figure 9-5: Unit emission Of C02 of the walling systems in kilograms per square metre of 
elevation area. 
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Each bar in Figure 9-5 shows the emission from the basic structure, external finishes and 
internal finishes of a particular walling system. The pattern Of C02 emission by the basic 
structure and finishes of the brick intensive systems are similar to the embodied energies. 
The contrast Of C02 emissions between the finishing and basic structures of stone concrete 
block and coursed rubble stone are less than the other walling systems. The environmental 
impact of the interlocking cement stabilised mud block masonry's finishes is the least. 
The above analysis shows that it is necessary to consider the cost of the finishing items 
along with their cost of basic structure. The labour cost of finishing items is comparable with 
that of the basic structure and hence, very important for employment generation. The 
contribution of finishing items is insignificant in retention owing to the use of cement based 
materials. The Embodied energies of the finishes are high in coursed rubble stone and stone 
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concrete block compared to that of their basic structure. The pattern Of C02 emission of the 
finishes is similar to that of the embodied energies. Therefore, from this point onwards, 
walling technologies will always be inclusive of the finishes. 
9.2.4 Analysis of the Database of Walling Systems as Finished Products 
Figure 9-6: The unit costs of the six walling systems including the internal distribution of the 
amount of money retained in and going out of the district. Rs8O = El. 
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Figure 9-6 shows the unit costs of the walling systems as finished products. Each bar shows 
the total amount of money retained within the district that includes the cost of local materials 
and labour expenses. The portion of each bars showing money out of the district includes the 
cost of non-local materials and cost of Goal, diesel and electricity for the production of local 
materials. Interlocking cement stabilised mud block is the least expensive walling systems 
and costs about Rs. 241 (0) per square metre, which is 40% cheaper than coursed rubble 
stone wall that costs Rs. 403 (E5) per square metre. However, interlocking cement stabilised 
mud block is the least supportive to income generation, since more than 50% of the total 
walling cost goes out of the district because it is cement-intensive. While the unit cost of rat- 
trap, cement stabilised mud block and stone concrete block are very similar, rat-trap retains 
the maximum amount of money within the district and, hence, generates the most income 
out of these three walling systems. 
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Figure 9-7: The amount of money that goes to the local building material suppliers in the 
construction of different walling systems. Rs80 = El 
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Solid brick wall retained the highest amount of money in Ranga Reddy district owing to the 
use of local materials, followed by rat-trap and coursed rubble stone (Figure 9-7). The 
average retention by the pre-cast-element intensive walling systems is almost half of the 
solid brick wall or coursed rubble stone. It may be noted that rat-trap walling is cheaper than 
solid brick and coursed rubble stone masonry (Figure 9-6). 
Figure 9-8 The labour intensity of the finished walling systems adopted in Ranga Reddy. 
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Solid brick Rattap CSMB5% ICSMB 10% SCB CRS 
Each bar in Figure 9-8 shows the expenses on skilled masons, semi-skilled masons and 
unskilled workers. Figure 9-8 shows that the unskilled construction workers' intensity of 
finished walling systems is high. The highest unskilled worker-intensive is coursed rubble 
stone walling. The intensities of the semi-skilled and skilled masons of each technology are 
sinnilar. Interlocking cement stabilised mud block is the least labour intensive. The remaining 
four walling systems are of similar labour intensity. It is important to note that, while the unit 
cost of rat-trap is less than solid brick wall, its labour intensity is very close to that of the 
latter. 
Figure 9-9: Unit embodied energy of the walling systems in Mega Joules per square metre of 
the elevation area. 
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Each bar in Figure 9-9 shows the distribution of embodied non-renewable, renewable and 
waste energy at site (Jaggamguda). The walling systems (other than brick-based) are non- 
renewable energy-intensive. The embodied energies of the brick walls are much higher than 
the rest of the walling systems adopted in Ranga Reddy. However, the major portion of the 
embodied energy in brick wall is owing to rice husk burning, which makes them 
environmentally friendly. It may be noted that the general trend of brick making is coal and 
firewood-based and hence, brick walls in those contexts will be detrimental to the 
environment. Therefore, interlocking cement stabilised mud block and cement stabilised mud 
block masonry walls appear to be energy efficient in general and brick systems only where 
rice husk is used as a fuel. 
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Figure 9-10 C02 emission in kilogram per square metre (of elevation area) owing to the use 
of different walling systems adopted in Ranga Reddy district. 
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Figure 9-10 shows that the brick-based walls are highly C02 intensive and hence, not 
environment friendly. Cement stabilised mud block masonry is the least C02 emission- 
intensive and therefore, the most environment-friendly in the context of Ranga Reddy. The 
interiocking cement stabilised mud block, stone concrete block and coursed rubble stone 
masonry walls have similar C02 emissions. Based on the above analysis, Table 9.4 shows 
the impacts of basic structure, external, internal wall rendering, etc., all complete right after 
construction. This data will be adopted for impact assessment. All values are in square metre 
of elevation area of the walling systems. 
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Table 9.4 Socio-economic and environmental impacts of the six walling systems (basic 
structure + finishes). impacts are per square metre of wall elevation. (Rs. 80 = EI) 
Socio-economic impact Environmental i mpact 
Walling Unit Retained Skilled Semi Un Non Re- Waste C02 
systems cost skilled skilled renewable newable 
RsJ RsJ sq. m. RsJ RsJ RsJ MJ/ sq. m. MJ/ sq. m. MJ/ KgJ 
sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. 
Solid brick 343.74 147.64 23.35 33.19 81.55 124.08 80.06 553.19 88.08 
Rat-trap 293.52 120.12 23.09 29.21 74.87 80.02 64.05 460.99 68.11 
Cement 293.24 65.10 27.56 18.48 88.30 151.14 64.05 0.01 34.96 
stabilsed 
(5%) mud 
block 
Interlocking 241.15 47.69 7.73 7.97 46.35 194.18 26.45 0.01 40.31 
cement 
stabilsed 
(10%) mud 
block 
Stone 297.61 57.64 22.83 16.56 97.35 226.64 61.26 0.04 42.98 
concrete 
block 
- - Coursed 403.11 114.54 29.60 16.56 127.38 189.17 74.49 0.01 41.6 3 
rubble 
stone 
bource: Aclopted troM Table V. 6, AppendIX V 
9.3 ROOFING SYSTEMS 
The roofing systems have been divided into three groups. The group-I consists of cement 
and steel-intensive pre-cast roofing elements. This group has the minimum in-situ process. 
The group-2 roofs need under-structure to support the discrete elements such as micro 
concrete tiles, stone slab and brick arches. The last group is mostly cast-in-situ and are 
based on level-1 materials. 
9.3.1 Roofing: Basic structure 
The basic structural cost of a roof is the total amount of money spent on the materials, 
labour, equipment, etc., and it does not include finishing and waterproofing. For example, the 
basic cost of a reinforced cement concrete roof slab is the investment on stone chips, sand, 
cement, water, shuttering, mixing machine, and vibrator including curing. However, to make 
a roof complete, one needs to plaster and paint the ceiling and lay a waterproofing 
impervious coat on the roof top. Following is the description of the three groups of roofing. 
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ROOFING GROUP-1: (PRE-CAST-INTENSIVE) 
Reinforced cement concrete plank and joist 
Reinforced cement concrete channel 
a Ferrocement channel 
The detailed descriptions of the systems are in Appendix IV. The group-1 roofing systems 
are constructed by using pre-cast components from the local building centre and then 
transported to the site by 12.5 tons capacity diesel operated TATA truck. The in-situ work is 
small and is I-imited to the joint sealing and waterproofing. The first two systems need an 
impervious coat of 50 mm, 1: 3 cement sand mortar with 0.2 % waterproofing compound. All 
these roofs are flat and require a wall height of 3000 mm. 
ROOFING GROUP -2 (PART PRE-CAST) 
" Micro concrete tiles roofing with steel and timber under-structure. 
" Stone roofing on pre-cast reinforced cement concrete joists 
" Jack-arch on pre-cast reinforced cement concrete joists 
This group requires under-structure. Micro concrete tiles are placed on timber pudins, which 
are supported on steel rafters. The entire under-structure could be made of steel, timber, 
reinforced cement concrete, ferrocement or bamboo. The stone and jack-arch roofing are 
supported on pre-cast reinforced cement concrete joists (Appendix-IV). 
The following roofing systems are constructed by using pre-cast components from the local 
building centre, which are transported to the site by 12.5 tons capacity diesel operated TATA 
truck. The in-situ work involved in the following systems is more than the group-1, however, 
less than group-3. For example, an under-structure of steel or timber or a combination of 
steel and timber is required to support the micro concrete tiles. In both stone and jack-arch 
roofing, pre-cast reinforced cement concrete joists are required as support to the stone plates 
and brick arches. This is followed by the in-situ waterproofing on roof top and painting of the 
ceiling. Stone and lack-arch roofing are flat and require a 3000 mm wall height. Micro 
concrete tiles, used as sloped roof, required an average wall height of 2700 mm. 
ROOFING GROUP -3 (IN-SrrU) 
w Reinforced cement concrete slab 
Hybrid slab 
Reinforced cement concrete filler slab 
Brick corbel arch 
w Brick pyramid 
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Construction of the above roofing systems involves mostly in-situ works. Reinforced cement 
concrete roof is the most cement and steel--intensi-Ve system followed by the hybrid and filler 
slab. All three require shuttering, on which the reinforcing rods are placed and then concrete 
casting takes place. In hybrid slab, the brick panels are constructed first and then concreting 
takes place. in case of filler slab the filler materials, such as a pair of clay tiles, are placed 
between reinforcing rods just before concrete casting so that movements of the construction 
workers do not break the tiles. 
Corbelled arch and pyramid roofs are brick-intensive and do not require any form of 
shuttering or scaffolding. It may be noted that, if the masons are not used to the construction 
of this type of structure, there may be a need for underside finishing for which scaffolding is 
required. These two types of roofing systems require waterproofing plaster on top. 
Reinforced cement concrete slab and hybrid slab are flat and hence, require a wall height of 
3000 mm. The filler slab with a slope of about 25 degrees requires 2400 mm. Brick corbel 
arch requires 1800 mm and brick pyramid requires 2100 mm of wall heights. 
9.3.2 Roofing: Finishes 
As mentioned before, literature on cost effective technologies, in general, provide 
information only on the basic structural costs of walls and roofs. The last section on the six 
walling systems has demonstrated that some of the wall finishes have significant impacts on 
the socio-economy and environment. This section Will examine whether the roof treatments 
and soffit finishes also have as significant impact on socio-economy and environment as the 
walls. It may be noted that each roofing option has one or two compatible waterproofing 
technologies, out of which the ones adopted in Andhra Pradesh Primary Education Project 
have been considered here. Although the ceifing finishes have a wide choice, only white 
wash has been considered for all the roofing systems since that is usually the cheapest of all 
the available options. 
The follom(ing are the specifications of the roof-top treatment and ceiling finishes of different 
roofing systems. 
Roof-tog) impervious coat: It is a 20 mm thick cement sand plaster (1: 3) with polymer- 
based waterproofing compound (0.2% of the weight of cement used). This type of 
impervious plaster is applied on reinforced cement concrete slab, jack-arch roof, hybrid 
slab, etc. The plaster is cured for at least seven days. 
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Brickbat coba: VVire-cut bricks or brick tiles of strength not less than 75 kilogram per 
square centimetres are placed on freshly laid 25 mm thick 1: 4 cement sand mortar with 
polymer based waterproofing compound (0.2% of the weight of cement used) on the 
rooftop. The bricks are placed with a gap of about 15 mm afl-around, which is filled with 
the same mortar and tightly pointed with 1: 3 cement sand mortar. The roof treatment is 
cured at least for seven days. This type of roof treatment is done for sand stone roofing. 
Lime washing; It is applied on the soffit of reinforced cement concrete slab, ribs of 
hybrid slab, etc. Pulverised Calcýium Oxide, prernixed with glue and blue colour are 
available in bags weighing 50 kilograms. The powder is mixed with water and applied 
three coats on the wall surface. 
Polyrner-cement Paint: It is applied on cracked masonry, ferrocement channel roof, etc. 
Liquid latex, cement and screened- sand are mixed in 2: 11 ratio by weight. The mix is 
applied on the roof surface thoroughly with a paint brush. Two to three hours after the 
first coat, the second coat is applied. The third coat is applied with liquid latex only. It is 
cured for three days. 
Table 9.5 shows the detail of finishing items adopted for the roofing systems under 
consideration. Figure 9-6 and Figure 9-7 show the socio-economic and environmental 
impacts of the basic structures and finishing items of the roofing systems. All values are in 
square metre of plan area of the roofing systems. 
Table 9.5 Waterproofing treatments and ceiling finishes of the roofing systems 
Surface 
Treatments 
Waterproofing 
treatments 
Ceiling finishes 
Roofing systems 
Reinforced cement concrete slab Impervious coat Three coats of lime wash 
Reinforced cement plank and 
joist 
Impervious coat Three coats of lime wash 
Reinforced cement channel Impervious coat Three coats of lime wash 
Ferrocement channel Polymer cement paint Three coats of lime wash 
Micro concrete tiles roofing None Oil bound paint on the 
under structure 
Hybrid slab Impervious coat Three coats of lime waTh 
only on ribs 
Filler slab Impervious coat Three coats of lime wash 
Stone roofing Brickbat coba Three coats of lime wash 
only on ribs 
Jack-arch roofing Impervious coat Three coats of lime wash 
only on ribs 
Brick corbel arch Impervious coat None 
Brick pyramid Impervious coat None 
ouurL; e. Aumor 
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Table 9.6: Socio-economic and environmental impacts of the eleven roofing systems owing 
to the construction of basic structure only ( values are per square metre of plan area). 
(Rs. 80 = Ei) 
Socio-economic impact Environmental impact 
Roofing systems Unit 
cost 
Retained Skilled Semi 
skilled 
Un 
skilled 
Non 
renewable 
Re- 
newable 
Waste I C02 
Rs. / 
sq. m. 
Rs. 1 
sq. m. 
Rs. 1 
sq. m. 
Rs. / 
sq. m. 
Rs. / 
sq. m. 
Mi/ 
sq. m. 
Mi/ 
sq. m. 
Mi/ 
sq. m. 
Kg. / 
sq. m. 
Reinforced cement 
concrete in-situ 
411.38 121.35 12.94 
I 
1.69 33.97 471.19 119.17 2.08 74.86 
Reinforced cement 
concrete plank and 
joist 
348.61 62.88 23.84 9.01 42.33 454.19 20.65 0.38 69.36 
Reinforced cement 
concrete channel 
360.40 63.14 17.04 7.57 58.76 454.41 20.65 0.38 68.74 
Ferrocement 
channel 
350.84 39.93 13.18 
I 
11.53 67.23 408.93 0.00 0.01 61.10 
Micro concrete tile 
roofing 
249.94 75.01 38.92 0.09 25.98 230.89 9.77 0.62 32.61 
I 
Hybrid 412.24 147.67 20.01 18.50 42.63 381.41 133.28 178.41 81.28 
Reinforced cement 
concrete filler 
364.69 136.55 38.91 12.60 56.27 253.75 218.97 41.99 56.32 
Stone on joist 378.32 61.00 26.06 6.06 55.04 425.21 13.86 0.26 60.85 
Jack-arch on joists 361.78 117.75 21.93 10.78 49.00 336.36 20.65 323.56 85.16 
Brick corbel arch 413.82 148.30 62.83 63.74 105.08 55.18 0.00 633.54 80.81 
Brick pyramid 360.48 144.29 50.11 20.91 103.39 68.00 0.00 609.47 81.09 
Source: Adopted from Appendix V, Table V. 7 
Table 9.7 Socio-economic and environmental impacts of the eleven roofing systems owing to 
the waterproofing and ceiling finish only (values are per square metre of the elevation). 
(Rs. 80 = El) 
Socio-economic impact Environmental Impact 
Roofing systems Unit 
cost 
Retained Skilled Semi 
skilled 
Un 
skilled 
Non 
renewable 
Re 
newable 
Waste C02 
Rs. / 
sq. m. 
Rs. / 
s m. 
Rs. / 
S m. 
Rs. / 
sq. m. 
Rs. / 
sq. m. 
Mi/ 
sq. m. 
Mi/ 
sq. m. 
Mi/ 
sq. m. 
Kg. / 
sq. m. 
Reinforced cement 
concrete in-situ 
73.30 7.083 6.006 
I 
10.780 19.665 60.861 16.012 0.003 
I 
12.50 
Reinforced cement 
concrete plank and 
ioist 
73.30 7.083 6.006 10.780 19.665 60.861 16.012 0.003 1 12.50 
Reinforced cement 
concrete channel 
73.30 7.083 6.006 10.780 19.665 60.861 16.012 0.003 12.50 
Ferrocement 
channel 
70.92 7.976 5.198 
I 
2.541 10.516 30.685 17.613 , 0.000 0.865 
Micro concrete tile 
roofing 
16.26 0.946 3.956 0.000 4.590 8.987 0.000 0.000 1.221 
I 
Hybrid 65.91 5.694 5.221 9.371 16.201 60.049 6.245 0.003 12.26 
Reinforced cement 
concrete filler 
108.49 10.483 8.889 15.954 29.105 90.074 23.698 0.004 18. ý6- 
Stone on joist 226.09 65.324 10.478 1.155 25.311 256.513 8.006 192.29 71.20 
Jack-arch on joists 71.90 6.152 5.680 10.195 17.543 65.988 6.245 0.003 13.47 
Brick corbel arch 111.50 7.688 10.031 18.004 29.648 92.720 1.498 0.005 20.90 
Brick pyramid 128.55 8.863 11.565 20.757 34.182 106.900 1.727 0.004 18.21 
bource: Isy adding the elements of Appendix V Table V. 8 and Table V. 9 
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Figure 9-12: Retention of the roofing systems in rupees per square metre of the plan area. 
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The Figure 9-12 shows that the retention of the waterproofing treatments and ceiling finish, in 
general, are very low compared to that of the basic structures. The use of cement-intensive 
treatments was the main reason behind this. In Ranga Reddy, lime was brought from outside 
the district and hence, the ceiling treatment also did not retain a significant amount of money 
within the district. The only visible retention is in stone roofing, which could be attributed to 
the use of local bricks in the brickbat coba treatment. 
Figure 9-13: Unit labour cost in rupees per square metre of the roofing systems. Rs80 = El - 
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Figure 9-13 shows that the expenses on labour for the waterproofing are significant 
compared to the basic structure except for ferrocement and micro concrete roofing. The 
ferrocement channel itself is highly impermeable, since it is made of rich cement sand mortar 
(1: 2). The micro concrete tiles are inherently waterproof because of their high consolidation 
induced by the vibrating table during production. Therefore, it appears that the roof 
treatments, in general, contribute significantly to the employment generation compared to 
those of the basic structure of the roofing systems. 
Figure 9-14: Unit embodied energy (non-renewable + renewable + waste) of the roofing 
systems in Mega Joules per square metre of the plan area. 
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The Figure 9-14 shows that the waterproofing on the stone roofing is the most energy 
intensive of all the roofing options. This is owing to the use of brickbat coba as waterproofing, 
which is at least 115 mm thick compared to the others (usually 50 mm). In a situation where 
brick production is coal and firewood-based, one would have concluded that this treatment is 
the most detrimental to the environment. However, In Ranga Reddy district, brick was 
produced by using rice husk, an agriculture waste, as a fuel and hence, was environment- 
friendly from the point of embodied energy. Figure 9-14 shows that the combined embodied 
energies of the rooftop waterproofing treatments and ceiling finishes are not insignificant 
(except micro concrete tile roof) compared to those of the basic structures. 
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Figure 9-15: C02 emission of the roofing systems in kilograms per square metre of plan area 
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The overall pattern Of C02 emission of the eleven roofing systems shown in Figure 9-15 is 
similar to Figure 9-14 on the embodied energies. While it has been stated before that the 
embodied energy of brickbat coba in the context of Ranga Reddy was environment friendly, 
the above graph shows that, from C02 emission point of view, it is the most damaging to the 
environment. Every square metre of brickbat coba produces 71 kilograms Of C02, which is 
far too high compared to the other options of rooftop treatments. The next to brickbat coba is 
the impervious plaster on the corbelled arch, which emits 21 kilograms Of C02 per square 
metre of plan area, less than one third of the former. 
9.3.4 Examining Database of Roofing as Finished Products 
The section 9.3.3 has analysed the eleven roofing systems showing the significances of the 
socio-economic and environmental impacts of the basic structure, rooftop waterproofing and 
ceiling finishes. The figures below now will show the socio-economic and environmental 
impacts of the eleven roofing systems as finished products. 
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Figure 9-16: Unit costs (basic structure + finishes) of the eleven roofing systems in rupees 
per square metre of plan area. Rs8O = El 
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Figure 9-16 shows that micro concrete tile is the cheapest and stone roofing is the most 
expensive option. While brick intensive systems are expensive, they retain the highest 
amount of money per square metre of plan area. 
Figure 9-17 Retention by the roofing systems (basic structure + finishes) in rupees per 
square metre of plan area. Rs8O = Ell. 
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Figure 9-17 shows that the use of local materials retains a significant amount of money within 
the district. While the roofing systems with bricks and the filler slab roofing had high 
retention, the pre-cast roofing systems were low in this respect. 
I- 
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Figure 9-18: Labour cost (basic structure + finishes) of the roofing systems in rupees per 
square metre of plan area. Rs8O = El. 
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Figure 9-18 shows that the corbelled brick roofing systems are the most labour-intensive. 
The labour intensity of the cement and steel-intensive roofing systems are low. In general, 
the intensity of unskilled workers is high in most of the finished roofing system. 
Figure 9-19: Embodied energy of the roofing systems in Mega Joules per square metre of the 
plan area. 
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Let us now look at the environmental impacts of the roofing systems as finished products in 
Figure 9-19 and Figure 9-20. Figure 9-19 shows that most of the roofing systems adopted in 
Ranga Reddy were highly non-renewable energy-intensive. Although the high embodied 
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energy of the brick-intensive systems were not damaging to the environment because of the 
use of rice husk as fuel in Ranga Reddy, these will not be at all environment-friendly in other 
contexts of coal and firewood-based brick production. Therefore, it appears that, filler slab in 
other contexts may be one of the best options from the point of embodied energy if we do not 
take micro concrete into consideration. 
Figure 9-20: C02 emission by the different roofing systems in kilogram per square metre of 
plan area. 
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Figure 9-20 shows that stone roofing is the Most C02-intensive (132 kilograms per square 
metre) roofing system followed by the jack-arch and brick-based roofs. C02 emissions of the 
steel and cement-intensive roofs are lesser than the brick-based roofs. Although 
ferrocement roof is steel and cement-intensive, its C02 emission is low (62 kilograms per 
square metre). This is owing to its thickness of 25 mm. It may be noted that most of other 
types of roofing systems are at least 100 mm thick. 
Based on the above analysis, Table 9.8 shows the combined impacts of basic structure, roof 
waterproofing and ceiling finish right after construction. This data will be adopted for impact 
assessment. All values are in square metre of plan area of the roofing systems. 
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Table 9.8 Socio-economic and environmental impacts of the eleven roofing systems 
(basic structure + finishes). Imnacts are ner sauare metre of nian area- (Rs. 80 = P-1) 
Socio-economic impact Environmental impact 
Roofing Unit Retained Skilled Semi Un Non Re- Waste 
systems cost skilled skilled renewable newable C02 
RsJ RsJ RsJ RsJ RsJ MJI sq. m. Mi/ Mi/ KgJ 
Sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. sq. m. 
Reinforced 484.686 128.428 18.944 12.474 53.631 532.050 135.183 2.078 87.331 
cement concrete 
insitu 
Reinforced 421.910 69.962 29.841 19.793 61.996 515.050 36.658 0.386 81.832 
cement concrete 
_plank 
and joist 
Reinforced 433.700 70.221 23.043 18.354 78.421 515.274 36.658 0.384 81.208 
cement concrete 
channel 
Ferrocement 421.763 47.910 18.383 14.069 77.749 439.611 17.613 0.008 61.969 
channel I 
Micro concrete 266.194 75.953 42.880 0.091 30.567 239.876 9.769 0.622 33.830 
tile roofina 
Hybrid 478.145 153.364 25.227 27.867 58.834 441.456 139.528 178.41 93.548 
Reinforced 473.179 147.028 47.797 28.549 85.377 343.828 242.668 41.999 74.77ý- 
cement concrete 
filler 
Stone on joist 604.411 126.322 36.536 7.217 80.350 681.723 21.870 192.54 132.05 
3 0 
Jack-arch on 433.676 123.904 27.608 20.974 66.545 402.352 26.891 323.56 98.635 
joists I I I 
Brick corbel arch 525.314 155.991 72.859 81.748 134.73 147.900 1.498 633.54 101.72 
Brick pyramid 
1 
489.024 153.157 61.679 41.663 137.57 
1 
174.898 1.727 609.48 99.36ý 
oource: A00ptea troM AppendiXV, Table V. 10 
Chapter 8 has shown the process of data collection and has presented the data for the all 
nine socio-economic and environmental parameters belonging to the level-1 materials. The 
second part of chapter 8 has shown the socio-economic and environmental data of the 
level-2 materials which are all pre-cast. This chapter has shown the impacts of the six walling 
and eleven roofing systems on the socio-economic and environmental aspects with respect 
to the village Jaggamguda in Ranga Reddy district. It may be reiterated that comparing walls 
and roofs separately will not help the decision makers, since the wall heights required for the 
different roofs are different. Therefore, a walling technology which is expensive may workout 
to be economic if it is combined with a particular sloping roof for which the wall height 
required is 2.1 metres. This has been explained in chapter 5 on Andhra Pradesh Primary 
Education Project. Therefore, it Is necessary to study the impacts for different combinations 
of walls and roofs. In the present context, there are 66 combinations of walls and roofs and it 
is assumed that all of them are feasible as with the Ranga Reddy district. Therefore, the next 
chapter will carry out the impact assessment of all the 66 walling and roofing combinations 
based on the data in Table 9.4 and Table 9.8. 
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CHAPTER 10. - IMPACT ASSESSMENT 
Chapter 3 of this dissertation was on the need assessment of the basic minimum services, 
i. e., primary education, primary health care and housing in India. It revealed that poverty is a 
crucial issue in this country and infrastructure supply could be an opportunity for income 
generation. Chapter 4 has examined the context of social infrastructure development and 
poverty in India. While developing a strategy for sustainable social infrastructure in line with 
the international guidelines, it was found that the friternatibnal- communities are very much 
concerned about the environmental degradation from increased human activities in which 
construction has a very significant role. Hence, the role of various construction technologies 
as opportunities for income generation and environmental degradation have been examined 
in the context of the DFID-funded Andhra Pradesh Primary Education Project in Ranga 
Reddy district, where various types of construction technologies were adopted to construct 
new schoof buildings at 29 sites. 
While a construction technology with low life cycle cost is preferable, it has been found that 
some technologies are more labour-Intensi"ve than others, e. g., rat-trap compared to solid 
brick wall (explained in chapter 4). It has also been seen that the use of local materials in 
construction retains more money at micro level and benefit the local building material 
manufacturers and suppliers compared to the cement and steel intensive systems. 
Therefore, while attempting to create social infrastructure with tow life cycle cost, the 
decision makers need to review the issue of construction as an opportunity for income 
generation to help in poverty reduction, which is a priority at global level. However, 
construction could also be a threat on the environment, if non-renewable energy-intensive 
building materials are used in social infrastructure creation. The C02 emission of the 
construction technologies could also be damaging to the environment. Therefore, there is a 
need- for analysing these issues so that the decision makers can study the implications of 
using different construction technologies in a context and can make sustainable decisions. 
With this intention, an impact assessment too[ and evaluation method has been developed in 
chapter 7. The impact assessment needs data to demonstrate the implications. Therefore, 
the collection process and the calculation of actual values of the data have been shown in 
chapter 8 and 9. In this chapter, we shall study the impacts based on the level 3 data, i. e., 
the finished walls and roofs, which are based on Level 1 and 2 data. 
Irurah and Holm (1999), while discussing the shortcomings of the energy-intensity approach, 
state that Haseltine (1975) has correctly argued that some materials have been 'falsely 
presented' as being energy efficient merely on the basis of their energy-intensity without any 
regard to the quantities of materials consumed. He argued that it will be appropriate to 
compare energy-intensity between building construction systems rather than between 
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materials. In the present context, combinations of different walling systems have been 
adoptect to assess the rearistic energy-intensity. In the previous chapter, it has been shown 
that, even in case of unit cost, comparing between unit cost of wall and roof is misleading. 
It may be reiterated that this dissertation is not an attempt towards providing optimised 
solutions on construction technologies in a particular location. It explains the socio-economic 
and environmental impacts of different construction technologies with reference to an 
example, viz., the District Primary Education Programme. Under this programme, 2T billion 
rupees (EO. 34 billion) was spent for primary school construction in 271 districts over 18 
states, Le., approximately 100 million rupees (E1.25 million) per district. In this chapter, the 
impact assessment of investing 100 million rupees in a district has been carried out so that 
the decision makers can see the quantitative implications of the project as a whole. For 
example, it will show how many working days of employment will be generated by adopting a 
particular combination of walling and roofing technologies in a project. It is, therefore, more 
of a process study rather than providing a fixed end-result. Before embarking on the impact 
assessment, the domain of the study has been defined by stating the assumptions as follows. 
10.1. THE ASSUMPTIONS 
All the data are based on Jaggamguda, a village in Ranga Reddy district of Andhra 
Pradesh, India. The pre-cast elements have been assumed to be produced' at Aliabad-, a 
village two kilometres from Jaggamguda and hence, the same lead chart as shown in 
Figure 1.9 (chapter 1) has been adopted for both. However, impacts owing to 
transportation of the pre-cast elements from Aliabad to Jaggamguda have been 
considered. 
w As mentioned in chapter 1, the foundation has been excluded from the domain of impact 
assessment. 
a Chapter I mentions that the finishing items such as doors, windows and flooring, etc., 
have also been excluded from the domain of analysis. 
w The assumed plan-form is square and the site is on a flat land and not low lying. 
The impact assessment will be based on the different combinations of walling and roofing 
systems of a classroom with 5.5 metres x 5.5 metres internal dimensions. It has already 
been discussed that the flat roofs require a floor to ceiling height of 3 metres and hence, 
the wair height also has to be the same. In case of the sloping roofs, since the height of 
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the room in the centre is 3.5 - 4.2 metres, the wall height could be between 2.7 and 1.8 
metres. 
The covered areas have been calculated according to the respective wall thicknesses of 
different walling systems, which vary between 150 mm and 380 mm. Deductions for 
doors and windows have been ignored and the impact assessment has been carried out 
for the 66 combinations of 11 roofing and 6 walling systems. 
The Andhra Pradesh Primary Education Project and Repair and Upgrading programme 
revealed that the construction workers enjoyed relaxing, playing cards and above all took 
part in many festivals, both religious and secular. Every month there was a *Sankranti*, 
Le., the change of zodiac, when the construction workers took part in rituals for two days, 
which affected the site works. Apart from that, on the occasion of new moon and full 
moon, people did not work. It is interesting to note that the Hindu, Muslim and Christian 
masons celebrated all the religious events. They always looked for an opportunity to 
celebrate. Sometirnes, to keep the site work going during the celebration time, the 
workers were offered double the wages, which did not attract them at all and they 
declined them. Under such circumstance it may be reasonable to assume five days a 
week for fifty two weeks, i. e., 260 working days in a year. This has been assumed as a 
construction workersr working year. 
aA reinforced cement concrete band lintel has been assumed at door/window top level of 
the classroom. 
10.2. THE SOCIO-ECONOMIC IMPACTS 
As mentioned in the beginning of this chapter, the example of District Primary Education 
Programme will be used for demonstrating the socio-economfe and environmental- impacts. 
Under this programme, a detailed need assessment for education infrastructure was carded 
out at district [eve[ to give access to ag the children of age between 6 and 11 years. 
However, the required amount of money could not be provided owing to financial constraints 
and 100 million rupees (E1.25 million) per district was allocated for the construction of- new 
schools, additional classrooms, etc. it may be noted that the money for the programme was 
mostly based on a loan from the Worid Bank. Therefore, the decision makers had to expedite 
other sources of funding under different rural development programmes. The most crucial 
question in District Primary Education Programme was Ohow much floor area could- be 
constructed out of 100 million rupees"? Therefore, economy was a very important issue 
(DPEP, 1995). 
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Let us now examine the actual impacts of investing 100 million rupees (El . 25 million) at 
district level. As shown in chapter 5, the walling and roofing systems, on an average, costs 
58% of the total cost of a classroom. Therefore, 58 million rupees (EO. 73 million) out of 100 
million rupees has been considered as the cost of wall and roof. Based on this budget, the 
database (chapter 9) on cost of the different walling and roofing technologies have been 
adopted for calculating the total number of one classroom units, each having carpet area of 
5.5 metres x 5.5 metres. 
Figure 10-1 The number of classrooms that could be constructed with 100 million rupees, 
using 66 combinations walling and roofing technologies. Rs8O = El - 
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stone 
Table 10.1 The two combinations of walling and roofing systems, with which the maximum 
and minimum number of classroom units could be constructed by investing 100 million 
rupees in a district. Rs80 = El. 
Number of one 
classroom units 
Walling systems Roofing systems 
150 mm interlocking Micro concrete tile roof with 
Maximum 2348 cement stabilised mud steel and timber under- 
block masonry structure 
380 mm coursed rubble Stone roofing on pre-cast 
Minimum 1068 stone masonry reinforced cement concrete 
joists 
Figure 10-1 shows that by spending 100 million rupees (E1.25 million) the maximum number 
(2,348) of classrooms could be constructed with micro-concrete tile roofing and interlocking 
cement stabilised mud block wall. The most noticeable feature of the Figure 10-1 is the huge 
difference between maximum and minimum number of one classroom units. The maximum 
number, with micro concrete tile roof, is more than double the minimum, which has a stone 
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roof that is thermally superior to the former. Therefore, the decision makers will have to 
decide whether they should provide theffnally less-comfortable schools for a large number of 
school children, or they should go for more comfortable classrooms for some and keep the 
rest without any school (temporarily). 
The combination of stone roofing and coursed rubble stone masonry wall is the most 
expensive technological' options, which is owing to the high unit cost of brickbat coba as a 
waterproofing treatment. Similarly the combination of micro concrete tile roofing with 
interlocking cement stabilised mud- block is the cheapest since this type of- roofing does not 
need any waterproofing treatment and also owing to the fact that micro concrete tiles have 
low consumption of-materials (8 mm thick). 
Figure 10-1 shows that, under each roofing system, the combination with interlocking cement 
stabilised mud block wall- generates the maximum number of classroom units. Similarly the 
roofing systems in combination with the coursed rubble stone masonry walls generate the 
minimum number of one classroom units. This is owing to the fact that the unit cost of 
interlocking cement stabilised mud block wall is the cheapest and the coursed rubble stone 
masonry walls is the most expensive. 
One of the important objectives of this dissertation is to compare the socio-economic and 
environmental- impacts of- new construction with their life cycle implications for different 
combinations of walling and roofing technologies. Therefore, it will be logical to compare a 
number of one classroom units adopting a combination of- wall and roof with the same 
number of one classroom units adopting a different combination of wall and root The study 
will show the extent of-differences in impacts of the two types of technologies after 50 years. 
On this issue, one may argue that the basis of comparing different combinations of walls and 
roofs could- have been in terms of one classroom. However, it may be noted that the decision 
makers Will be able to understand the scale of impacts and will be able to relate to the ground 
reality if they can see the impacts of a large number of single classrooms in a district. 
Therefore, in this chapter, the least number of one classroom units (i. e., 1,068) has been 
adopted for studying the impacts on the nine socio-economic and environmental parameters. 
The main idea was that if this number is adopted, then even the most expensive combination 
could- be built within 58 million rupees (EO. 73 million). The following figure shows the different 
construction costs of 1,068 classroom units. 
248 
UNIT COST 
Figure 10-2 The costs of 1068 classrooms using 66 walling and roofing combinations. 
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Figure 10-2 shows that the most cost effective option is the interlocking cement stabilised 
mud block wall with micro concrete roof. The brick-intensive roofing systems with interlocking 
cement stabilised mud block walls are also very close to the cheapest option. Each roofing 
system with rat trap and cement stabilised mud block walls have similar costs since the unit 
costs of these two walls are almost the same. The filler slab roofing is next to the brick 
roofing systems. Therefore, it appears that the rat-trap, stone concrete block and cement 
stabilised mud block walls are very close to each other in terms of unit costs. Among the 
roofs, filler slab and the corbelled arch and pyramids are worth considering along with micro 
concrete tile roofing. Considering so many options of walls and roofs, the decision makers 
will have to look at the other issues of the socio-economy and environment to select the most 
appropriate systems. 
Table 10.2 The two combinations of walling and roofing systems, with maximum and 
minimum costs of construction. Rs8O = El. 
cost in million 
rupees 
Walling systems Roofing systems 
380 mm coursed rubble stone Stone roofing on pre-cast 
Maximum 56 masonry reinforced cement concrete 
joists 
150 mm interlocking cement Micro concrete tile roof vAth 
Minimum 25 stabilised mud block masonry steel and timber under- 
structure 
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The retention here means the amount of money that is spent on the local materials used in 
construction. Figure 10-3 shows that the combination of solid brick wall and hybrid slab has 
the highest retention. The main reason for interiocking cement stabilised mud block being the 
lowest in retention is their low unit cost and use of 10% cement for stabilisation. The figure 
shows that all the roofs with solid and rat trap brick wall have high retention since brick was a 
local material in Jaggamguda. Therefore, from retention point of view, the hybrid slab with 
brick walls will be good options. In order to decide whether the solid brick wall is preferable to 
the rat trap, their performances under the other parameters have to be examined. The 
r7iaximurn value of retention in Figure 10-3 has been kept same as that of Figure 10-2 (80 
rnillion rupees, i. e., El million). This will enable one to visually compare between retention 
and unit cost of construction. 
Figure 10-3 Retention of investment on 1,068 classrooms using 66 walling and roofing 
cornbinations. Rs80 = El. 
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Table 10.3 The two combinations of walling and roofing systems having maximum and 
minimum retention. Rs8O = El. 
Retention in Walling systems Roofing systems 
million rupees 
Maximum 17 230 mm solid brick wall Hybrid slab 
Minimum 6 150 mm interlocking cement Pre-cast ferrocement 
stabilised mud block masonry channel roofing 
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LABoUR INTENSITY 
Figure 10-4 Skilled-mason-years of employment generated by the investment on 1,068 
classrooms using 66 walling and roofing combinations 
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RCC-reinforced cement concrete, FC- ferrocement, MCT- micro-concrete files, CSMB- cement stabilised mud 
block, ICSMB - interlocking cement stabilised mud block, SCB- stone concrete block, CRS-coursed ruMe stone 
Table 10.4 The two combinations of walling and roofing systems with maximum and 
minimum skilled masons. 
Employment in skilled 
mason-years 
Walling systems Roofing systems 
Maximum 236 380 mm course rubble 
Corbelled brick arch 
stone masonry 
150 mm interlocking Pre-cast ferrocement 
Minimum 66 cement stabilised mud channel roofing 
I I block masonry I 
The maximum value of unskilled worker-years in Figure 10-6 is 1600 working years. The 
same value has been adopted in Figure 10-4 and Figure 10-5 to visually compare the skilled 
and semi-skilled mason intensities with that of unskilled. Figure 10-4 shows that all roofing 
systems in combination with cement stabilised mud block and coursed rubble stone masonry 
are skilled-mason intensive. Corbelled brick arch roofing in combination with coursed rubble 
masonry came out to be the most skilled-mason intensive. The level of skilled-mason 
intensity is low for all the roofs with interlocking cement stabilised mud block masonry. 
Table 10.4 shows the most and the least skilled mason-intensive combinations. The 
combination of 380 mm thick coursed rubble stone masonry with corbelled brick arch roof is 
3.6 times more skilled-mason intensive than interlocking cement stabilised mud block wall 
with pre-cast ferrocement channel roofing. Therefore, the decision makers have to probe into 
the local context to decide whether it would be socially relevant to recommend the stone wall 
and corbelled roof, which employs a large number of skilled masons by giving them an 
opportunity to improve their skills further. 
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Figure 10-5 Semi-skilled mason-years of employment generated by the investment on 1,068 
classrooms using 66 walling and roofing combinations 
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RCC-reinforced cement concrete, FC- ferrocement, MCT- micro-concrete tiles, CSMB- cement stabilised mud 
block, ICSMB - interlocking cement stabilised mud block, SCB- stone concrete block, CRS-coursed rubble stone 
Table 10.5 The two combinations of walling and roofing systems with maximum and 
minimum employment opportunities for the semi-skilled masons. 
Employment in semi- 
skilled-mason-years 
Walling systems Roofing systems 
Maximum 319 230 mm solid brick wall Corbelled brick arch 
150 mm interlocking Micro concrete tie roof 
Minimum 37 cement stabilised mud with steel and Umber 
block masonry under-structure 
All the roofing combinations with 230 mm solid brick masonry wall have high semi-skilled 
mason intensity. Figure 10-5 shows that all the walls with corbelled brick arch roof have 
higher semi-skilled mason intensity than the rest of the combinations. Based on Figure 10-4 
and Figure 10-5, it may be said that, by recommending brick-intensive walls and corbelled 
brick arch roof in a particular context, both skilled and semi-skilled masons' employment 
opportunities could be increased. 
However, by comparing the Figure 10-4 to Figure 10-6, it may be said that the intensity of 
unskilled workers was high in the construction technologies adopted in Ranga Reddy district. 
While a maximum of 236 skilled mason-years and 319 semi-skilled mason-years could be 
generated by constructing 1,068 one classroom units, the minimum unskilled worker-years 
are 419. The following figure shows that the roofing combinations with coursed rubble stone 
masonry generate very high unskilled worker-years compared to the other options. All the 
roofing systems in combinations with interlocking cement stabilised mud block wall generate 
very low number of unskilled worker-years. 
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Figure 10-6 Unskilled worker-years of employment generated by the investment on 1,068 
classrooms using 66 walling and roofing combinations 
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Table 10.6 The two combinations of walling and roofing systems with maximum and 
minimum unskilled workers. 
Employment in unskilled 
worker-years 
Walling systems Roofing systems 
380 mm coursed rubble Stone roofing on pre- 
Maximum 1319 stone masonry cast reinforced 
cement concrete joists 
150 mm interlocking Micro concrete tile 
Minimum 419 cement stabilised mud roof with steel and 
block masonry timber under-structure 
The above analysis on the labour intensities of skilled, semi-skilled and unskilled construction 
workers generated by different combinations of walls and roofs will help the decision makers 
to choose an appropriate combination if they are aware of the employment status of a 
particular context. It depends upon the Government's strategy on employment as well. 
However, in the context of Ranga Reddy district, recommending the corbelled brick arch roof 
with coursed rubble stone wall may be beneficial to the local construction workers. 
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10.3. ENVIRONMENTAL IMPACTS 
The environmental impacts of the different combinations of walls and roofs will be assessed 
based on their embodied non-renewable, renewable, waste energy and emission Of C02- One 
of the important issues in this context is the fuel used for brick making. In Ranga Reddy, rice 
husk was used as fuel for brick burning and hence, it was not very damaging to the 
environment. Therefore, in this section the effect of bricks produced by rice husk and 
coal/firewood will be analysed separately. 
In order to accommodate all the bars in Figure 10-10, the maximum value of embodied 
ener, gy generated by Microsoft Excel has been 90,000 Giga Joules. The same value (as 
maximum) has been adopted in Figure 10-7 to Figure 10-12 so that one can visually 
compare the different types of embodied energies owing to the use of coal and rice husk. 
BRICK PRODUCED BY USING RICE HUSK As FUEL 
Figure 10-7The non-renewable embodied energies of 1,068 classrooms using 66 walling and 
roofing combinations. 
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RCC-rainforced cement concrete, FC- ferrocement, MCT- micro-concrete files, CSMB- cement stabilised mud 
block, ICSMB - interlocking cement stabilised mud block, SCB- stone concrete block, CRS--coursed rubble stone 
Table 10.7 The two combinations of walling and roofing systems with maximum and 
minimum embodied non-renewable energy 
Embodied energy 
in Giga Joules 
Walling systems Roofing systems 
380 mm course rubble stone Stone roofing on pre- 
Maximum 42,789 masonry cast reinforced cement 
concrete joi 
Minimum 9,137 230 mm rat trap bonded brick Corbelled brick arch 
I masonry I 
254 
Figure 10-8 The renewable embodied energy of 1,068 classrooms using 66 walling and 
roofing combinations 
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RCC-reinforced cement concrete, FC- ferrocement, MCT- micro-concrete tiles, CSMB- cement stabilised mud 
block, ICSMB - interlocking cement stabilised mud block, SCB- stone concrete block, CRS-coursed rubble stone 
Table 10.8 The two combinations of walling and roofing systems with maximum and 
minimum embodied renewable energy. 
Embodied energy Walling systems Roofing systems 
in Giga Joules 
Maximum 14,648 380 mm coursed rubble stone Filler slab 
masonry 
Minimum 1 203 150 mm interlocking cement Corbelled brick arch , stabifised mud block masonry 
Figure 10-9 The embodied energy (owing to rice husk burning) of 1068 classrooms using 66 
walling and roofing combinations. 
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Table 10.9 The two combinations of walling and roofing systems with maximum and 
minimum embodied energy owing to rice husk burning. 
Embodied energy Walling systems Roofing systems 
in Giga Joules 
Maximum 52 901 230 mrn solid brick wall Jack arch on pre-cast reinforced , cement concrete joists. 
-i Fin-imurn 0 
* The technologies that did not use rice husk as fuel had zero embodied waste energy. 
Figure 10-7 to Figure 10-9 show that the construction technologies adopted in Ranga Reddy 
were highly non-renewable energy intensive. The embodied waste energy is visible only in 
the brick intensive systems. Therefore, in the context of Ranga Reddy, brick intensive 
systems were environment friendly, especially the combination with corbelled brick arch 
roofing and rat-trap bonded brick masonry. 
BRICK PRODUCED By USING COAL As FUEL 
All the data on embodied energy have been recalculated by assuming that the brick 
production is coal-based. Accordingly, the graphs in the Figure 10-7 to Figure 10-9 have also 
t)een recast and presented in Figure 10-10 to Figure 10-12, which show that the best walling 
options in Ranga Reddy are the most detrimental to the environment in other contexts. 
Figure 10-10 The embodied non-renewable energy of 1,068 classrooms using 66 walling and 
roofing combinations. 
90,000 
80,000 
70,000 
ý; 60,000 
:3 50,000 
40,000 
'75 30,000 
20,000 
10,000 
-0 V ca VJ . 9- 
C) 
C) 
ct 
C) 
C-) 
of 
N 230rnm solid brick masonry 
E3 150rnm ICSMB masonry 
-g c3) 
r= Co 
(13 Co 2 LD 
U- 
a 230n-m rattap masonry 
a Sbne oonc block rn3wnry 
M8 
-F3 -§ .E ca -0 (1) ý6 00 ca 
IV c ýFl -9 3 CL A 
-8 
70 
8 
El CSMB masonry 
13 380rnm CRS masonry 
x 
70 
c 
4) 
cl 
r- CL 
c 
o 
LL 
; li 
0 
C) 70 
0 ca (1) -0 1- 
RCC-reinforced cement concrete, FC- ferrocement, MCT- micro-concrete tiles, CSMB- cement stabilised mud 
block, ICSMB Anterlocking cement stabilised mud block, SCB- stone concrete block, CRS -coursed rubble stone 
The above figure shows that solid brick and rat-trap bonded brick walls have very high 
embodied non-renewable energy. The most energy efficient combination is the cement 
stabilised mud block masonry wall with micro-concrete tile roof. The next best option is the 
same wall with filler slab. 
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Figure 10-11 The embodied renewable energy of 1,068 classrooms using 66 walling and 
roofing combinations. 
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The roofs in combination with the brick intensive walls show high embodied renewable 
energy. The roofing systems in combination with interlocking cement stabilised mud block 
show low embodied renewable energy. Cement stabilised mud block and stone concrete 
block masonry walls have low embodied renewable energy compared to that of the brick 
intensive systems. 
Figure 10-12 The embodied energy (agriculture waste) of 1,068 classrooms using 66 walling- 
roofing combinations. 
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Figure 10-12 shows that the use of rise husk or similar agriculture waste in the building 
materials production in India is virtually non-existent. The small amount of waste energy is 
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observed in filler slab which uses clay tiles as filler materials. It may be noted that wood 
shavings, rice husk, etc., are used for clay tile burning in general. However, most of the 
building materials in India are produced by burning coal, firewood and petrol/diesel as fuels 
as indicated in the Energy Directory of Building Materials (1995). Therefore, there is a need 
for awareness campaign and incentives for promoting alternative fuels for building materials 
production. This will reduce the rate of depletion of embodied non-renewable energy sources. 
C02 Emission 
Figure 10-13 The C02 emission of 1,068 classrooms using 66 walling and roofing 
combinations 
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RCC-reinforced cement concrete, FC- ferrocement, MCT- micro-concrete files, CSMB- cement stabilised mud 
block, ICSMB - interlocking cement stabilised mud block, SCB- stone concrete block, CRS-coursed rubble stone 
The figure above shows that the highest emission Of C02 is caused by 230 mm solid brick 
wall with stone roof. The C02 emitted by 1,068 classrooms adopting this combination is 
approximately 11,500 tons. The same number of one classroom units adopting micro- 
concrete tile roof on cement stabilised mud block emit 3,600 tons, which is about one third of 
the Most C02 intensive combination. Therefore, the decision makers may review this issue 
since, by promoting low C02 intensive construction technologies, India can financially gain 
from the developed countries. 
Table 10.10 The two combinations of walling and roofing systems, with maximum and 
minimum CC), Pmin-ninn 
C02 emission Walling systems Roofing systems 
in tons 
Maximum 11,500 230 mm solid brick wall Stone roofing on pre-Gast 
reinforced cement concrete joists 
Minimum 3,600 Cement stabilised mud block Micro concrete tile roofing 
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10.4. SUMMARY CHART 
Table 10.11 Summarv chart ( EI and 9 indicate the most and least favourable ootion). 
WALUNG 230 mm 230 mm 230mm 150 mm Stone 380 mm 
solid rat trap cement interlocking concrete coursed 
brick wall bonded stabilised mud cement stabilised block rubble stone 
ROOFING brick wall block wall mud block wall wall masonry wall 
1. Reinforced 
cement concrete 
in-situ 
2. Reinforced 
cement concrete 
plank and joist 
3. Reinforced 
cement concrete 
channel 
4. Pre-cast 2M, 3N 
ferrocement 
channel roofing 
M mi-cro icro concrete 90 1 R1,40, 
tile roof with steel 
and timber under- 5M 
structure 
-T -Hybrid 20 
7. Reinforced 719 
cement concrete 
filler 
8. Stone roofing on 919 M, 5RI, 
pre-cast reinforced 
cement concrete 619 
joists 
9, Jack arch on 80 
pre-cast reinforced 
cement concrete 
& oists. 
10. Brick corbel 40 6Z 70 30 
arch 
1. Brick pyramid 
Legen(IS : unit cost (1), retention (2), skilled (3), semiskilled (4), unskilled (5), non-renewable energy 
(6), renewable energy (7), waste (8) and C02 emission (9). 
Based on the Figure 10-2 to Figure 10-9 and Figure 10-13. 
Table 10.11 shows the most favourable and the least favourable combinations of walling and 
roofing systems. This chart gives an opportunity to the decision makers to look at the 
summary of socio-economic and environmental impacts of the walling and roofing 
combinations in a particular context. The numbers attached with each tick or cross mark 
denotes the parameter number, viz. unit cost (1), retention (2), skilled (3), semi-skilled (4), 
unskilled (5), non-renewable energy (6), renewable energy (7), waste (8) and C02 emission 
(9). The decision maker will ideally consider those options where only tick marks exist. 
However, there are combinations in Table 10.11, where tick and cross both exist, thus 
reducing the ease of decision making. While this chapter provides a view of the scale of 
impacts under the nine socio-economic and environmental parameters, it does not lead to 
the best combination of walling and roofing technologies in a particular context, which will be 
carried out in chapter 12 on scoring. 
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CHAPTER11 LIFE CYCLE ANALYSIS 
IIABACKGROUND 
According to Cole and Sterner (2000), discussed in chapter 2, the life cycle cost analysis is a 
data intensive process and the final outcome is highly dependent on the accessibility, quality 
and accuracy of input data. Ashworth (1993) also states that there is a lack of appropriate, 
relevant and reliable historical cost information and data. However, Ashworth and Hogg 
(2000) observed that there is some evidence from practice that life cycle costing is being 
more extensively used, particularly so in the case of major works projects, among clients who 
carry out an extensive amount of construction work and among those who are well informed 
of the consequences of design decisions on overall project costs. 
The fundamental problem associated with the application of life cycle costing in practice is 
the requirement to be able to forecast a long way ahead in time (Ashworth, 1993). The main 
difficulties are similar to those of weather forecasting and other activities that attempt to 
predict a future event. All forecasts are fraught with some sorts of confidence credibility, but 
this does not mean that they should not be attempted. Weather forecasting, for example, Is 
based on huge databases that have been systematically collected over time. Even so, it is 
still unable to provide reliable forecast weather pattern for even a few days ahead. Despite 
the relatively long history, life cycle costing is yet to gain importance in the domain of 
decision making in contemporary building design, owing to a general lack of motivation, 
methodological problem and access to reliable data (Cole and Sterner, 2000). Cole and 
Rousseau (1992) have analysed the methodological problems of calculating life cycle 
embodied energy of building materials (chapter 2). 
The most effective use of life cycle costing is at the design-decision making stage. Life cycle 
costing can be used to evaluate the various options in the design in order to assess their 
economic impact throughout the project's life. In selecting the design from a number of 
feasible options, the one with the lowest life cycle cost will usually be the first choice, 
provided that other performance measures or criteria have been met. 
It may be noted that the widely used term Olife cycle analysis". mostly focuses on the costing 
only and does not include aspects such as embodied energy, emission of C02, etc. Since this 
dissertation attempts to develop an impact assessment tool by considering nine socio- 
economic and environmental parameters, from here onwards it will be termed as life cycle 
impact assessment. 
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11.2 LIFE CYCLE IMPACT ASSESSMENT IN THE CONTEXT 
OF RURAL INDIA 
In view of the above discussions, it may be suggested that the professionals and the 
researchers need to focus on acquiring reliable databases on life cycle impact assessment 
that currently suffers from the problem of inadequate historical data. Attempting to predict life 
cycle implications without it Will be like having an exact solution to an approximate problem. 
In such a situation, the Andhra Pradesh Primary Education Project database may be adopted 
as a reasonably good starting point in the Indian context. It may be re-iterated that the 
Andhra Pradesh Primary Education Project buildings were constructed under uniform 
supervision by a group of trained engineers and architects. These buildings are in one 
geo-climatic setting and are being used by the people belonging to one ethnic group. Under 
such circumstances, it may be reasonable to assume that the rate of their ageing will 
generate reliable historical data on life cycle impact assessment. 
The first evaluation report (DFID, 1999) on the physical conditions of Andhra Pradesh 
Primary Education Project buildings and data on the subsequent intervention (by the author) 
in 1999-2000 for these buildings have been used as the baseline data on life cycle impact 
assessment of different construction techniques. A rapid evaluation of the physical condition 
of these school buildings was conducted by the author between 18th and 25th December 
2003. As far as possible, the sites were visited during the school hours to interact with the 
teachers and the pupils. The school teachers informed that there was no need for further 
preventive or corrective interventions after the DFID funded project in 1999-2000. Almost all 
the schools were in acceptable condition though some, where the housekeeping was good, 
were better than others. The rapid evaluation tends to support the predictions on routine 
preventive maintenance, which was assumed to be after every four years in chapter 6. The 
different roof waterproofing treatments were in good condition. However, the assumption of 
ten years as the frequency of intervention for the roof treatment could not be ascertained 
since the inspection (2003) was only about three and half years after the intervention in 1999- 
2000. Similarly, a rapid survey may be conducted in 2008 to make the database for life cycle 
analysis more reliable. 
The database of Andhra Pradesh Primary Education Project on life cycle impact assessment 
of the walling and roofing technologies appears to have good potential for applications in 
other contexts. By adopting the impact assessment and evaluation method developed in 
chapter 7, the database of Andhra Pradesh Primary Education Project may be used to study 
the life cycle impacts of the different combinations of walls and roofs in other contexts as 
well. This will be similar to the last chapter on impact assessment, in which the District 
Primary Education Project has been adopted for demonstrating the impacts. However, the 
data of levels 1,2 and 3 have to be modified depending upon the local conditions. 
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It is important to note that there were some indications of sustainability of the community- 
assisted repair of the school buildings in 1999-2000. According to the education department's 
trend, most of the teachers were within the adjacent districts in December, 2003 and hence, 
the institutional memory on the methods of carrying out building maintenance still existed. 
The school teachers and the villagers showed their enthusiasm when they saw that the 
survey team was back in the villages and were taking notes on the performance of the 
buildings repaired by them in 1999-2000. While it costs about E 2000 per survey, repeating it 
at the frequency of four years will enrich the database for the architects and engineers and 
also it will have positive impact on the community's confidence in the cost effective 
construction technologies. 
Thus the trend setting for life cycle impact assessment in India's rural construction sector 
may start with a simple method developed in chapter 7 to make it acceptable to the state 
engineering departments and the key decision makers at union Government level. Once 
people start using the impact assessment tool and become used to it, more sophisticated 
methods may evolve overtime. 
11.3 THE SCOPE OF LIFE CYCLE IMPACT ASSESSMENT IN 
THE PRESENT CONTEXT 
The following have been assumed for carrying out life cycle impacts assessment of different 
combinations of walling and roofing systems applied to 1,068 classroom units of internal 
dimensions 5.5 metres x 5.5 metres. 
The life cycle analysis in this section will focus on the roof and wall only, which constitute 
about 58% (chapter 5) of the total cost of a rural primary school. All other assumptions 
are the same as in the last chapter. 
This dissertation excludes operating energy costs of the primary schools from the life 
cycle analysis. It may be noted that the operating energy requirements in the rural 
primary schools of India are negligible compared to that of the developed countries, 
which spends a lot of money on heating and cooling. The evaluation of District Primary 
Education Programme revealed that most of the primary schools in the 18 states of India 
do not have access to electricity (Das et al, 2004). While some primary schools close to 
the grids have electrical connection, many others do not have access to electricity. Under 
such circumstances impacts of operating energy has not been considered in the life cycle 
impact assessment. 
262 
Defect analysis of the Andhra Pradesh Primary Education Project buildings in chapter 6 
has shown that the defects in construction technologies can be attributed to faulty design 
and detailing, inadequate standard of workmanship and the use of poor quality 
construction materials. Of these, the first and the last factors may be avoided to a great 
extent by using the Andhra Pradesh Primary Education Project database as a check list, 
and also by conducting capacity building programmes for the architects, engineers and 
supervisors. The defects owing to inappropriate workmanship may also be reduced to an 
extent by training the masons. However, all these can not be reduced to zero. Also, there 
is no rational basis for predicting the chances of occurrences of the three categories of 
mistakes in a construction project. Therefore, the following have been assumed; 
The design mistakes will not occur. 
Materials will be according to the specifications of the relevant Bureau of Indian 
Standards. 
9 Masonry skill will be adequate. 
Let us now analyse the impacts of the defects found in the different walling and roofing 
systems adopted in Andhra Pradesh Primary Education Project after four years of 
construction (Table 11.11). The main objective of this section is to evolve a rational method 
for life cycle impact analysis of the following roofing and walling systems. 
Table 11.1 The walling and roofing systems considered for life cycle impact assessment. 
Roofing systems Masonry walling systems 
1 Reinforced cement concrete 1 230 mm solid brick wall 
2 Reinforced cement concrete channel 2 230 mm Rat-Trap Bonded masonry 
3 Reinforced cement concrete plank and Joist 3 Cement stabilised mud block 5% 
4 Ferrocement channel 4 Interlocking Cement stabilised mud block 10% 
5 Filler slab 5 Stone concrete block 
6 Hybrid slab 6 Coursed rubble stone 
7 Micro concrete tiles 
8 Stone roofing 
9 Jack -arch roofing 
10 Corbelled arch roof 
11 Corbelled brick pyramid 
263 
11.4 LIFE CYCLE IMPACT ASSESSMENT: ROOFING AND 
WALLING SYSTEMS ADOPTED IN ANDHRA PRADESH 
PRIMARY EDUCATION PROJECT 
The evaluation team's recommendations on the Andhra Pradesh Primary Education Project 
buildings in November, 1998 were reviewed in January 2000 by carrying out a fresh 
investigation involving the Government engineers. This was done to develop capacities of 
the Government engineers regarding defect analysis and condition assessment of the school 
buildings. The teachers and the community were also involved in the process of defect 
identification and mapping because they were aware of the defects in great detail. For 
example, they knew if there was a damp patch on the ceiling immediately after the rains, 
which disappears in about two to three days. This type of defect may be difficult for the 
engineers to detect while carrying out the survey. Let us now analyse the defects of 11 
roofing systems adopted in Andhra Pradesh Primary Education Project. This section 
analyses the defects in roofing systems and examines the validity of the assumptions on 
frequency of preventive and corrective measures assumed in chapter 6. The next section will 
carry out a similar exercise on the 6 walling technologies adopted in Andhra Pradesh Primary 
Education Project. 
11.4.1. Defect Analysis of the Roofs 
REINFORCED CEMENT CONCRETE CHANNEL AND REINFORCED CEMENT CONCRETE PLANK AND 
JOIST 
The condition survey of the Andhra Pradesh Primary Education Project buildings in 1999- 
2000 revealed that pre-cast reinforced cement concrete channel roofing and plank and joist 
roofing had similar types of defects. A primary school, according to Bureau of Indian 
standards on spatial requirements and the visibility of the blackboard, should preferably have 
a room-width of 5.5 metres. The economic structural span of pre-cast roofing elements such 
as plank and joists and channels is between 3.65 and 4.25 metres for the residential (200 
kilogram per square metre) and office type (300 kilogram per square metre) of live load. 
Therefore, a span of 5.5 metres of pre-cast plank and joist or channel units will make them 
expensive and heavy to lift manually. It may be noted that procurement of mechanical lifting 
device in the rural areas of India is difficult and expensive. Therefore, the maximum self- 
weight of the component was kept within 200 kilograms, which could be lifted manually by a 
group of eight people. While doing this, the reduced length of plank and joist and channel 
units needed an intermediate support and hence, a reinforced cement concrete beam had to 
be introduced at the centre of the room and across the width. The plan and section and the 
defects of these two types of roofing systems are shown in Appendix VI I I. 
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As mentioned in section 6.5.4 (chapter 6), the pre-cast roofs had developed cracks on the 
supporting beam. Two toe walls with a coping stone on top was provided as corrective action, 
which allows the thermal movements and protects the roof from rain water seepage. The cost 
of such rectification has been added to the original cost of the roofing system. Therefore, the 
life cycle analysis will assume that roof treatment of 1: 3 cement-sand mortar with 
waterproofing compound will be re-laid after every 10 years and white washing after every 4 
years. It may be noted that the Government engineers in Andhra Pradesh, based on their 
experience, suggested that the frequency of corrective maintenance of the roof waterproofing 
should be 10 years. While 100% replacement of the treatment will not be necessary, this will 
take care of the expenditure on extra labour charges for the removal of the damaged portion. 
Table 11.2 The frequencies of corrective and preventive maintenance of reinforced cement 
concrete (RCC) slab, plank and joist, and channel roofing. 
Roofing systems Reinforced cement concrete slab* 
Reinforced cement concrete plank and joist 
Reinforced cement concrete channel 
Corrective maintenance Impervious coat with cement mortar (1: 3) - 20 mm thick with 0.2% 
@ 10 years 
I 
waterproofing 
Preventive maintenance I Ume washing - three coats 
a4 years 
I According to Central Public Works Department Specifications (CPWD, 2002) 
FERROCEMENT CHANNEL 
Several types of ferrocement channel sections are used in India, out of which the 
semicircular one is popular owing to the ease of de-moulding and erection. However, 
semicircular channel roofing has been reported to have seepage problem through the joints 
between two adjacent units, which usually develop minor cracks. When two matured 
ferrocement channels are placed side by side and the joints are sealed with in-situ sand- 
cement mortar, the latter does not usually develop a density matching the neighbouring 
channels. Apart from that the shrinkage in fresh joints tends to develop a minor separation 
from the channel sides. In 1996, the ferrocement channel roofs had developed minor cracks 
at joints even before the buildings were handed over to the Government. An impervious layer 
of bituminous felt was laid on the entire roof to make it waterproof. 
The classrooms in Ranga Reddy district were oriented North-South for adequate ventilation. 
The ferrocement channels in the classroom roof were spanned in the North-South direction 
thus exposing the longer sides to the morning and afternoon solar radiations. During the field 
inspection (2000), it was noticed that the waterproofing layer had developed cracks parallel to 
the section of the channel facing West. However, the roof did not have any seepage problem 
since the cracks were not through the entire depth of waterproofing. The expansion and 
contraction of the channels were monitored for three weeks and it was noticed that the 
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maximum difference in movements between day and night was four to five mm, which could 
have been the cause of partial damage in the waterproofing. Polymer-cement -screened 
sand (1: 11: 2) paint was applied on the channel in three coats. The roofing channel facing East 
was in good condition. 
Apart from this there was no sign of structural problem in the ferrocement roofing. As 
discussed in chapter 6 (section 6.5.4), it may be reasonable to consider the corrective repair 
of applying polymer-based paint after every ten years with the present state of technology till 
a better one is developed. The following tables show the life cycle implications of 
ferrocement channel roofing. 
Table 11.3 The frequencies of corrective and preventive maintenance of ferrocement 
channel roofing. 
Roofing system Ferrocement channel 
Corrective maintenance Polymer-cement -sand (1: 1: 2) - three coats 
4D 10 years 
Preventive maintenance Three coats of lime wash in ceiling 
a4 years 
MICRO CONCRETE TILES 
Micro concrete tile roofing was adopted in three buildings under Andhra Pradesh Primary 
Education Project and their performance was acceptable. The under-structure of the micro 
concrete tile roofing was painted with oil bound paint. In life cycle analysis, it has been 
assumed that the under-structure will be painted after every 4 years. Based on the average 
number of damaged tiles in Repair and Upgrading programme, it has been assumed that 5% 
tiles will be replaced after every ten years. 
Table 11.4 The frequencies of corrective and preventive maintenance of micro concrete tile 
roofing on steel and timber under-structure 
Roofing system Micro concrete tile roofing on steel and timber under-structure 
Corrective maintenance Replacement of 5% tiles owing to breakages 
(M 10 years 
Preventive maintenance Painting of understructure with two coats of ready made mixed 
@4 years enamel paint 
HYBRID SLAB 
Hybrid slab consists of brick panels tightly fitted within the boundary of reinforced cement 
concrete ribs (Appendix-IV). The Government engineers of Andhra Pradesh in 1996 argued 
that there would be periodic differential movements between the brick panels and the ribs 
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that will lead to seepage of rain water. Thermal movement between the ribs and brick panels 
was probably not possible owing to the high level of compressive stress in the brick panels. 
The field inspection in 2000 suggested that there was no crack at the junction between the 
brick panels and the reinforced concrete ribs, neither there was any water seepage from their 
junctions. 
However, minor water seepage was observed at places owing to incorrect grading plaster, 
which had resulted in patches of water logging at a few locations. It is important to note that, 
in 1996, the village of Muduchinthalapally did not have a good roof shuttering contractor. 
Lack of skill may therefore, be attributed to the minor dampness. Capacity building will 
largely eliminate this problem. Therefore, relaying of waterproofing after every ten years (as 
with reinforced cement concrete slab) may be adopted for hybrid slab. The ribs in hybrid are 
900 mm centre to centre and have a width 175 mm. Therefore, the total area of the ribs is 
38.89% of the ceiling area, which is painted with lime. The following is the life cycle 
interventions of hybrid slabs. 
Table 11.5 The frequencies of corrective and preventive maintenance of hybrid slab roofing. 
Roofing system Hybrid slab 
Corrective maintenance Impervious coat with cement mortar (1: 3) - 20 mm thick with 0.2% 
@ 10 years waterproofing 
Preventive maintenance Ume washing - three coats in ceiling 
I 
@4 years 
FILLER SLABS 
Pitched filler slabs were used in Andhra Pradesh Primary Education Project and most of 
them performed well against rainwater. Five out of six buildings, having a filler slab, did not 
develop any major problem, except minor water seepage at places wherever, the roofs were 
flat on top, e. g., on corridor's separating two main blocks of classrooms (Appendix-Vill, 
Figure V111.10). 
It is important to note that a folded filler slab is more economic than a flat slab owing to its 
reduced structural spans and hence, bending moments. The added advantage of folding the 
slab was easy drainage of rainwater. Structurally, filler slab is very similar to solid reinforced 
cement concrete slab and hence, the roof treatment of the latter was adopted in all five 
buildings having this roof. Therefore, in life cycle analysis, the same roof treatment has been 
assumed to be re-laid after every ten years. The following tables show the life cycle 
implications of folded filler slab roofing. 
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Table 11.6 The frequencies of corrective and preventive maintenance of filler slab roofing. 
Roofing system Filler slab with clay tile as filler material 
Corrective maintenance Impervious coat with cement mortar (1: 3) - 20 mm thick with 0.2% 
Q 10 years waterproofing 
Preventive maintenance Ume washing - three coats in ceiling 
a4 years 
STONE ROOFING 
Sloping and flat stone roofing systems were adopted in Andhra Pradesh Primary Education 
Project. Like the folded filler slabs, sloping stone roofs did not have major problem of water 
seepage. The sloping stone roofs were created by constructing a masonry arch in the centre 
of the room by dividing the space into two bays (Figure V111.17, Appendix Vill). This had 
reduced the spans of the pre-cast joists to less than 3 metres. The rest of the roofing system 
was the same as plank and joist or reinforced cement concrete channel. 
The flat stone roofs were similar to plank and joist roofing in which a central beam in the 
classroom was introduced to reduce the spans of the pre-cast reinforced joists. It is important 
to note that the stone roofs did not develop any crack along the length of the supporting 
reinforced cement concrete beam as in Chinnamangalaram. This may be owing to the fact 
that stone planks have a lower coefficient of thermal expansion than plank and joist or 
reinforced cement concrete channel units. Brickbat coba as a roof treatment might have 
acted as an adequate thermal insulator to the pre-cast reinforced cement concrete joist. 
It may be noted that brickbat coba as a roof treatment is the most expensive and energy 
intensive of all the systems adopted in Ranga Reddy district. In Andhra Pradesh Primary 
Education Project, roofing stone was cheap and energy efficient. However, the use of 
brickbat coba as a roof treatment made it expensive, and energy and emission (CO2) 
intensive. An altemative low cost and energy efficient roof treatment would have made stone 
roof one of the most acceptable solutions in Andhra Pradesh Primary Education Project. 
Based on the Panchayati Raj Engineers' experience of replacing brickbat coba as 
waterproofing treatment after every 10 to 15 years, it has been assumed to be re-laid after 
every 10 years. The Stone roof joists are 900 mm centre to centre and cover 50% of the 
ceiling area, which is painted with lime. The following tables show the life cycle implications 
of stone roofing. 
Table 11.7 The frequencies of corrective and preventive maintenance of stone slab roofing. 
Roofing system Stone slabs on pre-cast reinforced cement concrete joists 
Corrective maintenance Brickbat Coba - 1: 4 cement mortar and brick bats 
(9 10 years 
Preventive maintenance Ume washing - three coats in ceiling @4 years 
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JACK-ARCH ROOFING 
It is important to note that the jack-arch performed well in spite of the fact that they were also 
supported at the centre by reinforced cement concrete beam as in Chinnamanagalaram. The 
main cause of better performance of jack-arch roof could be attributed to the low coefficient 
of linear expansion of brick compared to that of reinforced cement concrete planks and joists 
or channels. Minor water seepage problem in the brick arch was noticed at Puppalguda, 
which could have been owing to faulty workmanship at a few spots. It may be noted that the 
specifications of the waterproofing on jack-arch roof is similar to that of reinforced cement 
concrete slab. Therefore, relaying 1: 3 cement mortar with 0.2% waterproofing compound 
after every ten years will be considered in the life cycle analysis of jack-arch roofing. The 
jack arch roof joists are placed at 1200 mm centre to centre and covers 37.50% of the ceiling 
area, which is painted with lime. The following tables show the life cycle implications of Jack- 
arch roofing. 
Table 11.8 The frequencies of corrective and preventive maintenance of Jack-arch roofing. 
Woofing system Jack-arch on pre-cast reinforced cement concrete joists 
Corrective maintenance Impervious coat with cement mortar (1: 3) - 20 mm thick with 0.2% 
@ 10 years waterproofing 
Preventive maintenance Lime washing - three coats 
a4 years 
CORBELLED BRICK PYRAMID AND CORBELLED ARCH ROOF 
These two types of roofing systems are based on corbelling principles and did not require any 
scaffolding or shuttering since the masons can sit on the corbelled brick courses laid on the 
previous day and make two new courses of corbelling. 
A significant amount of essential repair had to be done in the corbelled brick pyramid at 
Majeedpur. The cement coat as a waterproofing on 1: 4 cement sand plaster developed 
cracks owing to inadequate water curing. It may be noted that there was too much 
evaporation loss since the construction took place in summer. Apart from that, tendency of 
the contractor to use a mix richer than specified also led to thermal cracks on the plaster. 
When the school building project started at Majeed1pur, the modalities of the contract and 
specifications were not finalised since rat-trap bonded wall and corbelled brick pyramid did 
not exist in the standard schedule of rates under the Government of Andhra Pradesh. It was 
a completely new technology to the engineers as well as the villagers. The engineers' main 
doubt was about the structural stability of the pyramid. They had never seen any roof being 
constructed without reinforced cement concrete and shuttering. The most surprising thing to 
them was that the masons were working on the brick corbels that had been laid on the 
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previous day. While the masons gained confidence in the technology after a few days of 
laying corbelled brick courses, the engineers did not. After initial apprehensions, the work 
was completed at an acceptable quality. Later, it was leamt that the contractor had used 1: 4 
cement sand mortar out of fear, whereas it should have been 1: 6 cement mortar according to 
the specifications. He thought that more cement will prevent the structure from falling down. 
Similarly, the contractor had used a richer mix (1: 3 instead of 1: 4) in waterproof plaster on 
the pyramid. It may be noted that cement was supplied by the Government engineering 
department according to the actual consumption at site. Therefore, the contractor was not 
financially affected by increasing the quantity of cement. He feared that he would be 
blacklisted for any eventuality. The Government engineer responsible for this project was 
aware of this but did not share it with DFID consultants since he was also unsure about the 
structural safety of pyramid. 
The same contractor was appointed at Jaggamduga, where the same technologies were 
adopted. This was the second building project in Andhra Pradesh Primary Education Project 
and the contractor did the same thing by increasing cement In the pyramid. All these could 
not be detected until the buildings were completed and bills of materials settled. 
Corbelled brick pyramids were used in Turkapally village, on an octagonal plan-form. The 
contractor of this building could not follow the trend of Majeedpur since by then the DFID 
consultant was aware of the mischief and vigilance at site was stepped up. It may be noted 
that the contractor at Turkapally was more confident about the structural stability of the 
pyramid after he had inspected those at Majeedpur and Jaggamguda. 
Anatharam, where corbelled brick arch roof was adopted, was completed in June-July 1996. 
By then the agency could do an in depth survey of the waterproofing of the roof. The masons 
at Anathararn suggested that they would use 1: 4 cement mortar as waterproof treatment. The 
freshly laid plastered roof surface was painted with cement slurry. This worked very well, 
which was evident from the inspection carried out in 2000, when the community informed 
that they had not experienced any leakage through the roof. 
Therefore, it may be prudent to accept the waterproofing treatment of Anathararn for life 
cycle analysis of the pyramid roofs. The specification of the waterproofing at Ananthararn is 
similar to the impervious coat on reinforced cement concrete slab. Therefore, as in the case 
of impervious coal, frequency of replacing waterproofing plaster on corbelled brick roof will 
be assumed as ten years. It may be noted that the undersides of the corbelled roofs were in 
good conditions except at a few locations there were minor defects were observed. These 
were re-pointed. The following table shows the life cycle implications of corbelled pyramid 
and arched roof. 
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Table 11.9 The frequencies of corrective and preventive maintenance of corbelled brick arch 
and corbelled brick pyramid roofing. 
Roofing systems Corbelled brick arch roofing 
Corbelled brick pyramid roofing 
Corrective maintenance Impervious coat with cement mortar (1: 4) - 20 mm thick with 0.2% 
@ 10 years 
I 
waterproofing 
I 
Preventive maintenance 5% of the ceiling area to be re-pointed with 1: 3 cement sand mortar I 
04 years 
I 
SUMMARY OF DATABASE FOR THE LIFE CYCLE IMPACT ANALYSIS OF THE ROOFING SYSTEMS 
ADOPTED IN ANDHRA PRADESH PRIMARY EDUCATION PROJECT. 
The 
'different roofing systems adopted 
in Andhra Pradesh Primary Education Project have 
performed reasonably well without developing major problem over seven years (1996-2003). 
The structural stability, therefore, is not the issue as apprehended by the engineers of 
Panachayati Raj Engineering Department, Andhra Pradesh in 1995-96. The most frequently 
occurred defect in a roof had been waterproofing treatment. The evaluation of these 
buildings in November, 1998 indicated that the impervious coats on roofs did not perform as 
well as envisaged in 1995-96. However, the waterproofing treatments were not inappropriate. 
It has been explained that non-compliance with the specifications, inadequate workmanship, 
etc., were the causes leading to the problems. If one learns from the Ranga Reddy repair 
experience, the chances of occurrences of the defects may be low. It is apparent from the 
discussions that waterproofing is the most important element in life cycle analysis of different 
roofing systems apart from the factors like unit cost of construction and the degree of labour 
intensity. To observe the performance of these roof treatments, the existing systems have 
been considered in life cycle analysis. 
The Panchayati Raj Engineering Department's documents indicated that the entire roof 
treatment is rarely damaged. They consider a replacement of roof treatment as a major 
repair, which usually takes place after between 10 and15 years. Under such major repair, 
only the damaged portions are chiselled out and fresh waterproofing is done on them. In this 
section, a frequency of 10 years has been adopted for the major repair and 100 percent 
replacement of the waterproofing has been considered to take care of the extra labour 
charges for chiselling out the damaged treatment and clearing off the debris. Following is the 
summary of database for life cycle analysis of roofing systems 
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Table 11.10: The specifications of the roof treatments applied at the time of construction and 
replaced after every ten years 
ROOFING SYSTEMS SPECIFICATIONS OF THE DIFFERENT ROOF 
TREATMENTS 
I Reinforced cement concrete Impervious coat with cement mortar (1: 3) - 20 mm 
slab thick with 0.2% waterproofing 
2 Pre-cast reinforced cement Impervious coat with cement mortar (1: 3) - 20 mm 
concrete plank and joist thick with 0.2% waterproofing 
3 Reinforced cement concrete Impervious coat with cement mortar (1: 3) - 20 mm 
channel thick with 0.2% waterproofing 
4 Ferrocement channel Polymer-cement -sand (11: 11: 2) - three coats 
5 Micro concrete tile roofing 5% tiles will be replaced after every ten years 
6 Hybrid slab Impervious coat with cement mortar (1: 3) - 20 mm 
thick with 0.2% waterproofing 
7 Folded filler slab Impervious coat with cement mortar (1: 3) - 20 mm 
thick with 0.2% waterproofing 
8 Stone roofing Brickbat coba - 1: 4 cement mortar and brick bats 
9 Jack-arch roofing Impervious coat with cement mortar (1: 3) - 20 mm 
thick with 0.2% waterproofing 
10 Corbelled brick arch roofing Impervious coat with cement mortar (1: 4) - 20 mm 
thick 
II Corbelled brick pyramid Impervious coat with cement mortar (1: 4) - 20 mm 
roofing thick 
Source: Author 
The routine preventive maintenance will be carried out by applying two coats of lime washing 
including cost and conveyance of all materials and labour charges taxes charges etc., after 
every four years on the soffit of the roof. Only in corbelled arch and pyramid roof 5% of the 
ceiling area has been assumed to be re-pointed with 1: 3 cement sand mortar. For the micro 
concrete tile roofing, the under-structure will be painted with oil bound colour and for the 
hybrid, jack arch, stone roofing, etc., the pre-cast reinforced cement concrete joists will be 
painted with lime. 
11.4.2. Defect Analysis of the Walling Systems 
The performance of the different walling systems used in Andhra Pradesh Primary Education 
Project, have been explained In the chapter 6. In the repair works of the walls, 100% extra 
labour charge has been added for de-plastering, scraping, cleaning, etc. For all repair works, 
50% extra material charge has been added for wastage and high transportation charges. The 
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following is the defect analysis of the six different walling systems adopted In Andhra 
Pradesh Primary Education Project. 
SOLID BRICK WALL 
Solid brick wall of 230 mm thickness is constructed with wire-cut bricks and 1: 6 cement sand 
mortar. This is the most widely used walling technology across the country. In Ranga Reddy 
district, the solid brick walls were plastered and painted with lime. The general complaint 
about this type of walling system was a few cases of erosion of bricks and plaster getting 
damaged in the lower part of the wall owing to exposure to sun, rain and wind. The field 
investigation of solid brick wall in 2000 under the Repair and Upgrading programme revealed 
that about 10-15% of the area of external plaster had very mild erosion. Some of the existing 
residential buildings of similar walling systems were examined along with the villagers, local 
masons and the Government engineers. The team came to a conclusion that about 20% of 
the plastered areas of solid brick wall should be repaired after every ten years. The following 
table shows the life cycle impacts of solid brick masonry wall. 
Table 11.11 The frequencies of corrective and preventive maintenance of solid wall. 
Walling system Solid brick wall 
Corrective maintenance@ 10 20% of the external surface to be re-plastered. The first coat 
years in 1: 5 cement-sand mortar (8 mm thick) and second coat in 
1: 3 cement-sand mortar (4 mm thick). 
Preventive maintenance @4 Internal painting with three coats of lime wash 
years I 
RAT-TRAP BONDED MASONRY 
The rat-trap bonded wall did not develop any major problem, excepting that a few bricks In all 
the buildings were eroded owing to manufacturing defect. The brick field owners reported that 
they had noticed the problem of erosion and had also received complaints from the users. 
They had stopped the production for a while and then restarted after rectifying the 
manufacturing defects in bricks. Therefore, it was expected that the erosion problem will not 
occur in future. Therefore, the replacement of the eroded bricks has not been considered in 
life cycle analysis. 
In one or two places, the pointing on rat-trap masonry was found loose. However, this was 
over a small area and only in two buildings. The average area of the defective pointing was 
less than 10% of wall surface. Under Andhra Pradesh Primary Education Project, a survey 
was conducted in 1994 to study the performance of rat trap wall and filler slab in Kerala, 
India. It revealed that the worst case of deterioration in rap trap was loose pointing of a 
maximum of 20-25% of the wall areas. Based on Kerala experience and the Repair and 
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Upgrading Programme of the school buildings in Ranga Reddy district, it has been assumed 
that a maximum of 30% of the wall area may need re-pointing after every ten years. The 
following table shows the life cycle impacts of rat-trap bonded masonry wall. 
Table 11.12 The frequencies of corrective and preventive maintenance of rat trap wall. 
Walling system Rat trap wall 
Corrective maintenance @ 10 30% of the external surfaces to be re-pointed with flush 
years pointing to in 1: 3 cement sand mortar. 
Preventive maintenance @4 Internal painting with three coats of lime wash 
years 
II I 
CEMENT STABILISED MUD BLOCK MASONRY (6% CEMENT STABILISATION) 
Erosion of stabilised mud block had been a common problem in Andhra Pradesh Primary 
Education Project. Considering the high level of quality control in block production, it may be 
reasonable to state that the problem of erosion was owing to some other reason. A rigorous 
inspection of the buildings revealed that stabilised mud blocks needed protection from rain. It 
is important to note that, while using stabilised mud block masonry in design, the architect 
has to protect the walls from rains as much as possible. For example in Kokapet, the 
verandah roofs on either side of the covered rooms were on the prevailing direction of wind 
in monsoon. Therefore, this building did not have a major erosion problem. In Gandipet, the 
building did not have such protections and as a result it had developed maximum erosion in 
the stabilised mud walls. The groove pointing enhanced the process of erosion by exposing 
more surface area to the rain and wind. During the Repair and Upgrading programme in 
1999-2000, the grooves were filled-up and were converted to flush pointing. The recent 
inspection in 2003 showed that the flush joints have performed well in the last three and a 
half years. 
One has to consider other aspects of using cement stabilised mud block as a walling 
material. It was noticed in a few schools that the children play a game in which they run 
around the building and while doing so they touch the wall continuously with their figures 
(chapter 6, Figure 6.12). This type of actions had broken the wall comers. A strip of plastering 
was applied to round off the sharp comers. 
Stabilised mud block wall did not have a water repellent surface and hence, it absorbed some 
rain water. The portion of the walls having more exposure to rainwater than its sheltered 
areas showed higher level of erosion. The rate of erosion was high in unsheltered wall 
surfaces that were exposed to high wind during monsoon, which did not happen in the 
sheltered walls. Under such circumstances, it was felt necessary to protect the walls by 
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applying stabilised mud plaster with 7% cement stabilisation on the unsheltered areas of the 
stabilised mud block walls. Its performance was found to be acceptable when these buildings 
were inspected in December, 2003. In Pondicherry, New Delhi and Bangalore, several 
buildings made of cement stabilised mud block walls were examined to have an idea on the 
performances of such walls against sun and rain. It was leamt that about 30% of the wall 
areas of the buildings were re-plastered with a frequency of about twelve years. Based on the 
study it has been assumed that 7% stabilised mud plaster will be applied after every ten 
years for the life cycle analysis of stabilised mud block masonry, The following table shows 
the life cycle implications of stabilised mud block masonry. 
Table 11.13 The frequencies of corrective and preventive maintenance of cement stabilised 
mud block (5%) wall. 
Walling system Cement Stabilised Mud block (5%) 
Corrective maintenance 30% of the external surfaces to be re-plastered with sponge finish 15 
a 10 years mm thick plaster in 1: 4: 8 mortar (cement, screened sand and mud). 
Preventive maintenance Internal painting with three coats of lime wash 
@4 years 
INTERLOCKING CEMENT STA131LISED MUD BLOCK MASONRY (10% CEMENT STABILISATION) 
While stabilisation with 5% cement does not pose any strength problem in mud block 
masonry wall, it needs a water repellent plaster to make it endure for fifty years. Some 
technocrats believe that mud blocks with cement stabilisation higher than 5% will eliminate 
the erosion problem of stabilised mud block technology. By trial and error, they have arrived 
at 10% as an optimum percentage of cement stabilisation from the point of view of durability. 
To compensate for the increase in cost and embodied energy owing to high cement content, 
the wall thickness has been reduced to 150 mm. In addition to that, the blocks are made 
hollow and the joints are interlocking to facilitate mortar-less masonry. This type of blocks are 
called interlocking cement stabilised mud block (Appendix 111). 
Let us now examine the type of defects developed in this walling system. Higher percentage 
of cement and reduced thickness make these blocks thermally more sensitive than brick 
masonry. It has already been explained in chapter 6 that vertical cracks were noticed on the 
west-facing walls of two buildings oriented north-south. The East-facing wall did not develop 
any crack. The North and South facing walls were sheltered because of the two verandas 
and, hence, did not develop any crack. A discontinuity provided in the centre of the West- 
facing wall would have eliminated the problem of cracking owing to thermal movements. It 
will be reasonable to assume that the designer will not repeat this mistake and thus it can be 
excluded from the life cycle analysis. 
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The interlocking stabilised mud block had developed very minor surface deterioration. Under 
the Repair and Upgrading programme, water repellent paint made of polymer-cement was 
applied in three coats on the external surfaces. The external surfaces of this type of walls 
appeared much better than the cement stabilised mud block masonry. Interlocking block was 
a new walling material and hence, we were not aware of any existing building made of it. 
Therefore, there was no scope for examining the maintenance requirements of interlocking 
block masonry in other contexts. It may be noted that polymer-cement paint was applied on 
the external surfaces of interlocking block walls as a protective coat in 2000. An inspection in 
December, 2003 revealed that its condition was almost intact. Under such circumstances, the 
frequency of applying polymer-cement-sand as a protective coat on walls has been assumed 
to be after every ten years as with the other waterproofing treatments. Therefore, the strength 
of such assumption is low at present. However, it is expected that another revisiting the sites 
in 2008 will reveal more reliable data on this issue than at present. 
Based on the areas of mild defects developed, it has been assumed that polymer-cement 
paint should be applied on 30% of the total external surfaces of interlocking cement 
stabilised mud block wall. The following table shows its life cycle implications of the 
corrective and preventive maintenance. 
Table 11.14 The frequencies of corrective and preventive maintenance of interlocking 
cement stabilised mud block (10%) wall. 
Walling system Interlocking Cement Stabilised Mud block (10%) 
Corrective maintenance 30% of the external surface to be re-painted with polymer- 
@ 10 years cement paint (2: 1) 
Preventive maintenance Internal painting with three coats of lime wash 
Q4 years 
STONE CONCRETE BLOCKS 
Stone concrete block masonry had developed seepage problems in Surangal and 
Sreeramnagar. Only the walls exposed to the prevailing direction of rainfall had seepage 
problem. In-situ testing of the blocks revealed that a few of them did not have adequate 
consolidation. This may be attributed to inadequate quality control and hence, it has been 
excluded from the life cycle analysis. As in the case of other types of exposed walling 
systems, stone concrete block masonry also needed some amount of re-pointing in 2000 
(about 12-17% of the total wall area). Anticipating that this will increase over time, 30% of the 
total wall area has been assumed to be re-pointed after every ten years as in the case of rat- 
trap. The following table shows the life cycle impacts of stone concrete block masonry. 
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Table 11.15 The frequencies of corrective and preventive maintenance of stone concrete 
block wall. 
Walling system Stone concrete block 
Corrective maintenance 30% of the external surface to be re-pointed with flush pointing in 
@ 10 years 1: 3 cement sand mortar 
Preventive maintenance Internal painting with three coats of lime wash 
0_ 4 years 
The preventive and corrective maintenance for the coursed rubble stone has been assumed 
to be same as that of the stone concrete block masonry. It is important to note that the 
corrective maintenance requirements of the different construction technologies had varied 
frequencies with a minimum of ten years. One should, therefore, consider the different 
frequencies of occurrences of the corrective maintenance in life cycle impact assessment. 
However, for the simplicity of calculations, corrective interventions have been assumed to 
occur after every ten years in this dissertation. The reasons for assuming four years as the 
frequency of preventive maintenance have been explained in chapter 6. 
SUMMARY OF DATABASE FOR THE LIFE CYCLE ANALYSIS OF THE WALLING SYSTEMS ADOPTED IN 
ANDHRA PRADESH PRIMARY EDUCATION PROJECT 
Table 11.16: The specifications of the treatment and fishes on the wall surfaces 
Wall treatment Description Remarks 
Cement-sand Plastering with sponge finish - first Internal and/or external 
plastering coat in cement-sand mortar (1: 5) 
proportion 8 mm thick and second 
coat cement-sand mortar (1: 3) 
proportion 4 mm thick 
Cement-sand pointing Flush pointing in cement-sand mortar External 
(1: 3) 
Cement stabilised mud 15 mm thick mud plastering with Internal and/or external 
plastering sponge finish (1*8 -cement: sand: 
mud) 
Painting Lime washing - three coats Internal and/or external 
I 
Polymer treatment Latex-cement (2: 1) based chemical External 
compound 
bource: AUthor 
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11.5 METHOD OF CALCULATING LIFE CYCLE IMPACTS 
The life of a school building has been considered as 50 years according to the Bureau of 
Indian Standards (IS 875, Part 3,1987). As mentioned in chapter 6 on Andhra Pradesh 
Primary Education Project, a discount rate of 13% has been adopted for life cycle costing, 
which was the fted deposit interest rate in 1996 for a period of more than 2 years 
(UBI, 1996). An inflation of 8% has been adopted for calculating the net discount rate for the 
period 1995-96 (ICRIER, 2004). However, discussions with the fellow of the Indian Council 
for Research on International Economic Relations, New Delhi, revealed that some of 
researchers do not consider inflation to be important while calculating the neft present value. 
Since this dissertation's focus is not on this issue, inflation has been included in the 
calculations. However, it can be reset to zero in the Microsoft Excel worksheet OG* shown In 
Figure 1.8 (chapter 1) to recalculate the life cycle impacts without considering inflation. 
The life cycle impacts of a building technology may be unpredictable since alternative 
waterproofing technology and interior and exterior finishes may come up in course of time, 
which are superior in terms of cost, embodied energy and emission than the originally 
adopted ones. However, in this dissertation, the same technologies have been assumed to 
be adopted in the 10 and 4 years' interventions for the entire 50 years life cycle of the school 
buildings in Ranga Reddy district. This made the calculation for life cycle impacts of the 
embodied energy and C02 emissions simple by adding the impacts of the 4 and 10 years' 
interventions for a period of 50 years. Based on these assumptions, the following sections 
describe the method of life cycle impact assessment. 
11.5.1. Life Cycle Cost: Unit Cost, Retention and Labour 
Miles and Syagga (1987) use the following expression for life cycle costing (they use the 
term 'Cost in use'); 
LCC =C+M+ -S 
C4 initial capital cost 
M4 sum of discounted values of annual maintenance 
S4 scrap value of the building (discounted) - assumed to be zero in this dissertation. 
LCC 4 Life Cycle Cost 
A critical variable in this regard is the discount rate (composed of the time value of money 
and the effects of inflation), which affects the results significantly (Sterner, 2000). Inflation 
may be considered as a general increase of prices of goods and services over time in the 
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economy as whole, without a corresponding increase in value. According to Sterner, 
choosing a discount rate which is too high will bias decisions in favour of short term low 
capital cost options, while a discount rate which is too low will give an undue bias to future 
cost savings. Since the accuracy of choosing a certain discount rate is uncertain, the result of 
a life cycle cost calculation can always be questioned. Despite this problem, there are 
possibilities to lessen the uncertainties in the result by performing sensitivity analysis where 
parameters which are of the greatest importance to the results can be varied. However, the 
sensitivity analysis has been excluded here since that is beyond the scope of this 
dissertation. 
The nett present value method (NPV) of a flow of cash is a system proposed by many as the 
best for evaluating building-related options (Dale, 1993). The system takes into account all 
the apparent variables acting upon a cash stream. Dale states that Flannagan et al. (1989) 
express nett present value as; 
NPV= I 
t:: O, T 
C is the estimated cost in year t, r is the discount rate and T is the period of analysis in years. 
According to Dale (1993) the 'Nett of inflation discount rate', the Ndr can be expressed as; 
Ndr =[(1+ discount %)/(l +inflation%)-l ] 
Discount rate =13% 
Inflation = 8% 
Nett Present Value (NPV) can be expressed as; 
NPV = IC + RC1/ (I +Ndr) + RC2/ (I +Ndr)2 + RC31 (I+Ndr)3 .......... 
IC 4 initial cost 
RC 4 recurring costs in year 1, year 2 
The life cycle cost (LCC) is expressed as follows; 
LCC = CBS + 2: NPV,, j + 
2: NPV12 
nl= @ 10 years 11,21,31,41 n2= @4 years 5,9,13,17,21,25,29,33,37,41,45 
LCC - life cycle cost 
CBS - Cost of basic structure + finishes 
NPV,,, - neft present value of recurring cost of corrective maintenance at the rate of 10 years 
NPVa - neft present value of recurring cost of preventive maintenance at the rate of 4 years 
279 
11.5.2. Life Cycle Impacts: Embodied Energy andC02Emission 
The embodied energy consumption and C02 emission of different combinations of walling 
and roofing systems in the whole life of the building has been calculated according to the 
database of Andhra Pradesh Primary Education Project. The 10 year and 4 year frequencies 
of interventions have been calculated and added to the initial to calculate the life cycle 
embodied energy and C02 emission impacts. 
The follovving expressions are for calculating life cycle embodied energy. 
LCEE = IEE + 2: REE,, l 
nl= @ 10 years 11,21,31,41 
REE112 
n2= @4 years 5,9.13,17,21,25,29,33,37,41,45 
LCEE - life cycle embodied energy 
IEE - initial embodied energy of basic structure + finishes 
REEni - recurring embodied energy of corrective maintenance at the rate of 10 years 
REE, 2 - recurring embodied energy of preventive maintenance at the rate of 4 years 
The following expressions are for calculating life cycle emission Of C02- 
LCE = IE + 1: RE,, l RE,, 2 
nl= @ 10 years 11,21,31,41 n2= @4 years 5,9,13,17,21,25,29,33,37,41,45 
LCE - life cycle emission 
IE- initial emission of basic structure + finishes 
REni - recurring C02 emission of corrective maintenance at the rate of 10 years 
REn2 - recurring C02 emission of preventive maintenance at the rate of 4 years 
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11.6 SUMMARY OF DATABASE FOR LIFE CYCLE IMPACT 
ASSESSMENT 
Table 11.17 The life cycle impacts of the roofing systems on socio-economic and 
environmental parameters. Rs8O = El. 
Roofs Unit Retained Skilled Semi- Un Non- Re- Waste C02 
cost mason skilled skilled renewable newable 
mason worker _ RsJ RsJ RsJ RsJ RsJ Mi/ Mi/ Mi/ Ký 
sq. rn. sq. m. sq. m. sq. m. sq. m. sq. m. sq. M. sq. m. sq. M. 
Reinforced 620.57 144.61 30.89 33.91 96.78 784.82 311.32 2.09 139.60 
cement concrete 
slab 
Reinforced 557.79 86.14 41.78 41.23 105.15 767.82 212.79 0.40 134.10 
cement concrete 
plank & joist 
Reinforced 569.58 86.40 34.99 39.79 121.57 768.04 212.79 0.40 133.48 
cement concrete 
channel I 
Ferrocement 557.67 65.97 29.55 24.64 109.69 57ý. 61 211.36 0.01 68.05 
channel I Micro concrete 319.34 79.04 52.96 0.09 45.16 324.56 9.77 0.62 44.00 
tile roofing 
Hybrid slab 583.26 163.77 33.91 43.44 87.58 685.29 208.22 178.42 143.53 
Filler slab 674.29 170.98 65.4f- 60.28 149.24 717.92 503.35 42.02 152.14 
stone roof 936.94 220.70 52.95 12.02 123.54 1712.43 109.94 961.69 418.04 
Jack arch 546.83 134.89 36.89 37.64 97.01 669.85 95.58 323.58 153.4 
corbelled brick 688.59 167.58 87.76 108.49 178.55 527.28 17.97 633.56 187.32 
arch I I 
corbelled brick 677.27 166.52 78.85 72.49 188.09 1 612.30 20.72 609.49 174.44 
pyramid 
I 1 
Source: Adopted from Appendix VI, Table V1.10 
Table 11.18 The life cycle impacts of the walling systems on socio-economic and 
environmental parameters. Rs8O = Ell. 
Walls Unit Retained Skilled Semi- Un Non- Re Waste C02 
cost Mason skilled skilled renewable newable 
mason worker 
RsJ RsJ RsJ RsJ RsJ Mj/ Mi/ Mi/ KgI 
sq. m. sq. m. sq. m. sq. m. sq. m. sq. m sq. m sq. m sq. m 
Solid brick 467.49 168.43 36.57 56.92 137.15 172.19 445.14 1 553.20 99.91 
Rat-trap 366.29 131.67 31.31 43.97 106.29 110.24 259.40 461.00 75.50 
Cement 369.85 77.01 36.69 34.86 122.33 175.19 259.40 0.01 40.83 
stabilised mud 
block 
Interlocking 324.53 60.15 15.84 17.58 73.08 239.31 202.59 0.01 44.58 
cement 
stabilised mud 
block 
Stone concrete 370.37 69.19 31.06 31.32 128.77 256.87 256.61 0.04 50.37 
oc I I II 
oursed rubble 475.87 126.09 37.83 31.32 158.80 219.39 269.84 0.01 49.01 I 
stone I I 
1 1 
Source: Adopted from Appendix VI, Table V1.5 
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11.7 ANALYSIS OF LIFE CYCLE IMPACTS OF 66 
COMBINATIONS OF THE WALLING AND ROOFING 
SYSTEMS FOR 1,068 CLASSROOMS OF 5.5M X 5.5M 
CARPETAREA 
Based on the data on roofing and walling systems in Table 11.17 and Table 11.18 the life 
cycle impacts have been calculated for all 66 combinations. The following figures show the 
impacts under all 9 socio-economic and environmental parameters. 
11.7.1. Socio-Economic Parameters: Unit Cost, Retention, Employment 
Opportunities for Skilled Masons, Semi-Skilled Masons and 
Unskilled Workers 
Figure 11 -1 The pattern of life cycle costs of 1,068 classroom units adopting 66 combinations 
of walling (6) and roofing (11) technologies. Rs80 = El. 
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Table 11.19 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle costs. Rs8O = El. 
Life cycle cost in 
million rupees 
Walling systems Roofing systems 
Maximum 75 380 mm coursed rubble Stone roofing on pre-cast 
stone masonry reinforced cement concrete joists 
150mm interlocking Micro concrete tile roof with steel 
Minimum 33 cement stabilised mud and timber under-structure 
block masonry 
Figure 11-1 shows that the roofing systems in combination with solid brick and coursed 
rubble masonry have high life cycle costs. In contrast, all the roofs in combination with 
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interlocking cement stabilised mud block masonry wall have low life cycle costs. The life 
cycle costs of roofs in combinations with rat-trap and cement stabilised mud block and stone 
concrete blocks are very similar. It is the highest for stone roof and coursed rubble stone wall 
because of the expensive brickbat coba as waterproofing treatment. If there is a cheaper and 
durable altemative to this, stone roof will have a lower life cycle cost. The micro concrete tile 
roof with interlocking cement stabilsed mud block has the least life cycle cost. Therefore, the 
overall pattern of life cycle costs is similar to that of the new construction (chapter 10). 
Let us now look at the life cycle impacts on retention. As with chapter 10, the maximum 
value of retention in Figure 11-2 has been kept same as that of Figure 11-1 (80 million 
rupees, i. e., El million). This will enable one to visually compare between retention and unit 
Cost of construction. Figure 11-2 shows that roofing systems in combination with the solid 
brick wall have high retention, which is followed by the combinations with rat trap and 
coursed rubble stone wall. The stone roof with solid brick wall retains the highest amount 
because of the use of locally produced brick in the wall and waterproofing system. The least 
retention is by ferrocement channel with interlocking cement stabilised mud block since both 
are based on cement brought from out side Ranga Reddy district. 
Figure 11-2 The pattern of life cycle retention by 1,068 one classroom units adopting 66 
combinations of walling (6) and roofing (11) technologies. Rs8O = El. 
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As with chapter 10, the maximum value of the labour intensities in Figure 11 -2 to Figure 11 -4 
has been adopted as 1,600 working years. This will enable one to visually compare the 
skilled masons', semi-skilled masons' and unskilled workers' intenshies. 
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Table 11.20 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle retention. Rs8O = El. 
Life cycle retention 
in million rupees 
Walling systems Roofing systems 
230 mm solid brick masonry Stone roofing on pre-cast 
Maximum 21 reinforced cement 
concrete joists 
150 mm interlocking cement P e-cast ferrocement 
Minimum 7 stabilised mud block channel roofing 
masonry 
Figure 11-3 shows that corbelled arch roof with coursed rubble stone wall creates the highest 
employment opportunities for the skilled masons, which is very close to the combination of 
corbelled pyramid roof with the same walling. This is owing to the use of local bricks and that 
the corbelled roofs are skilled mason intensive. The least in this respect is the ferrocement 
roof with interlocking cement stabilised mud block wall. The graph shows that the skilled 
masons' employment opportunities generated by corbelled arch roof with coursed rubble wall 
is a little less than 2.5 times of the ferrocement roof with interlocking blocks. The difference 
in employment opportunity between the maximum and minimum has come down in 50 year's 
of life cycle (Figure 10.4, chapter 10). Still the huge difference in skilled masons' 
employment generated by corbelled arch roof and coursed rubble wall will be viewed as a 
tremendous opportunity for improved livelihood. Figure 11-3 shows that, in terms of skilled 
masons' employment generation, there are other options, which are close to the best option. 
Therefore, the decision maker has to look into the other parameters before choosing the 
most sustainable combination. 
Figure 11-3 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on skilled masons' employment opportunities. 
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Table 11.21 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle employment opportunities for skilled masons. 
Life cycle employment Walling systems Roofing systems 
for skilled masons in 
working years 
Maximum 290 380 mm coursed rubble stone Corbelled 
brick arch 
masonry 
150 mm interlocking cement Pre-cast 
Minimum 119 stabilised mud block masonry ferrocement 
I I channel roofing 
Figure 11-4 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on semi-skilled masons' employment opportunities. 
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RCC-reinforced cement concrete, , 
MCT- micro-concrete tiles, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed nibble stone 
Table 11.22 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle employment opportunities for semi-skilled masons. 
Life cycle employment Walling systems Roofing systems 
for semiskilled masons 
in working years 
Maximum 463 230 mm solid brick masonry Corbelled brick arch 
150 mm interlocking cement Micro concrete file roof 
Minimum 80 stabilised mud block with steel and timber 
masonry under-structure 
Figure 11-4 shows that the brick-intensive walls generate high employment opportunities for 
the semi-skilled masons. All the roofing technologies in combination with solid brick wall are 
semi-skilled mason-intensive. The same generated by the roofs in combinations with cement 
stabilised mud block, stone concrete block and coursed rubble stone masonry are similar to 
each other. The roofing combinations with interlocking blocks show a general pattern of low 
employment opportunity for the semi-skilled masons. 
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The corbelled brick arch roof generates high demand for semi-skilled masons and also skilled 
masons (Figure 11-3 and Figure 11-4). Therefore, a decision maker may choose corbelled 
arch roof and the matching wall should be coursed rubble, solid brick or rat trap depending 
upon their impacts under other parameters. 
Figure 11-5 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (111) technologies on unskilled workers' employment opportunities 
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RCC-reinforced cement concrete, MCT- micro-concrete files, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
Table 11.23 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle employment opportunities for unskilled workers. 
Life cycle employment Walling systems Roofing systems 
for unskilled workers in 
working years 
380 mm coursed rubble Stone roofing on pre-cast 
Maximum 1744 stone masonry reinforced cement 
concrete ioists 
150 mm interlocking Micro concrete tile roof 
Minimum 650 cement stabilised mud with steel and timber 
block masonry under-structure 
From the pattern of employment opportunities for the three categories of construction 
workers shown in Figure 11-3, Figure 11 -4 and Figure 11-5, it is evident that the construction 
technologies adopted in Andhra Pradesh Primary Education Project were highly unskilled 
workers-intensive. Figure 11 -5 shows that all the roofing systems in combination with coursed 
rubble wall are highly unskilled worker-intensive. All the roofing systems with solid brick wall 
are also unskilled worker-intensive. Although stone roof with coursed rubble wall generates 
the highest employment opportunities for the unskilled worker, its (rubble wall) combination 
with reinforced cement concrete channel (Rs. 1735, i. e., E21.69) is close in this regard. In a 
context of low level skill with high unemployment problem, coursed rubble stone wall may be 
recommended with an appropriate roof depending upon their impacts under other 
parameters. 
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11.7.2. Environmental Parameters: Embodied Non-Renewable, 
Renewable, Waste Energy and C02 Emission 
We shall now examine the environmental parameters. Figure 11-6 shows that all the walls in 
combination with stone roofing have high embodied non-renewable energy. The highest 
embodied energy is in stone roof with coursed rubble wall, which is 4.5 times more than that 
of micro concrete tile roofing with rat-trap wall. The figure shows that there are many 
combinations of walling and roofing systems which have much lower embodied non- 
renewable energy than the stone roof with coursed rubble wall. In the context of Ranga 
Reddy, the brick intensive systems show a general pattern of low embodied non-renewable 
energy owing to the use of rice husk for brick production. The maximum non-renewable 
energy of one classroom in Ranga Reddy was approximately 83,000 Mega Joules, which it is 
only for the roof and wall. 
Figure 11-6 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on embodied non-renewable energy. 
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Table 11.24 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle impact on embodied non-renewable energy. 
Life cycle embodied Walling systems Roofing systems 
non-renewable energy 
in Giga Joules 
380 mm coursed rubble Stone roofing on pre-cast 
Maximum 88,206 stone masonry reinforced cement concrete 
joists 
Minimum 19 600 230 mm rat-trap Micro concrete tile roof with steel , bonded brick masonry and timber under-structure 
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Figure 11 -7 shows that all the roofing technologies in combinations with solid brick wall 
have 
high embodied renewable energy. This is owing to the use of wooden scaffolding in new 
construction and maintenance of this type of walling system. Figure 11-7 also shows that all 
the roofs with rat-trap, cement stabilised mud block and stone concrete block wall have 
almost the same level of embodied renewable energy. It is to be noted that, except solid 
brick wall, all other walls in combination with corbelled brick arch and corbelled brick pyramid 
show a very low embodied renewable energy. Interlocking cement stabilised mud block wall 
in combination with corbelled brick arch and pyramid appear to be the most environment 
friendly from the point of renewable energy consumption. The highest embodied renewable 
energy is consumed in filler slab with solid brick wall. 
Figure 11-7 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on embodied renewable energy 
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RCC-reinforced cement concrete, , MCT- micro-concrete 
files, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
Table 11.25 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle impact on embodied renewable energy. 
Life cycle embodied Walling systems Roofing 
renewable energy in systems 
Giga Joules 
Maximum 45,248 230 mm solid brick masonry wall Filler slab 
Minimum 9 448 150 mm interlocking cement 
Corbelled 
, stabilised mud block masonry brick arch 
Figure 11-8 shows that all the roofing technologies in combinations with solid brick and 
rat-trap wall have high embodied waste energy. The stone roofing with brick walls consume 
the highest quantities of rice husk and thus is the most energy efficient. However, this is valid 
for Ranga Reddy district only, where rice husk is used as a fuel for brick making. It is 
important for the decision makers to encourage this trend by recommending brick-intensive 
systems wherever waste-based brick production systems exist. 
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Figure 11-8 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on embodied energy from agriculture waste. 
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RCC-reinforced cement concrete, , MCT- micro-concrete files, CSMB- cement stabilised mud 
block, ICSMB - 
intedocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed nibble stone 
Table 11.26 The two combinations of walling and roofing systems, with maximum and 
minimum life cycle impact on embodied energy owing to the use of agriculture waste. 
Life cycle embodied Walling systems Roofing systems 
waste energy in Giga 
Joules 
Maximum 77 111 230 mm solid brick Stone roofing on pre-cast 
, masonry wall reinforced cement concrete joists I 
Miniqjurn 0 1 * 
* The technologies that did not use rice husk as fuel had zero embodied waste energy. 
Figure 11-9 shows that all the roofing technologies in combinations with solid brick wall have 
high C02 emissions. The stone roof with all combinations of walling systems emits large 
quantities Of C02. The C02 emission by stone roof with solid brick wall is 5.3 times more than 
that of the cement stabilised mud block and micro-concrete tiles roof. While the brick 
intensive systems in Ranga Reddy may appear to be environment friendly from the point of 
embodied energy, they are damaging to the eco system because of their high C02 emission. 
The Most C02 emission-friendly combinations are micro concrete tile roofing with cement 
stabilised and interlocking cement stabilised mud block wall. The decision makers may 
consider this as an important issue not only because some technologies are cleaner than the 
others, it may also give an opportunity to the Government of India to earn by doing carbon 
trading. 
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Figure 11-9 The life cycle impact of 1,068 one classroom units adopting 66 combinations of 
walling (6) and roofing (11) technologies on C02 emission. 
30,000 
25,000 23197 
.0 
a» 
CL 
r- 
0 
> 
U) X (0 
Co a) 
m 
0 
Co X 
'n 20,000 (j) c 
0 15,000 
10,000 
5,000 1, 
Z 0 
03 C C) 
L2 ? 75 t; -- I 05 7W CL CC 
j)f Ca C 3_2 C) -6 
1ýMý 
ý- Of C) F- LL 
LL 
0 230rnm solid brick masonry m 230rnrn rat-tap masonry o CSMB masonry 
13 150mm ICSMB rnasonry m Slone conc block masonry 13 380mm CIRS masonry 
RCC-reinforced cement concrete, , MCT- micro-concrete 
files, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
Table 11.27 The two combinations of walling and roofing systems, with maximum and 
minimum life cvcle imoact on CO, emission. 
Life cycle C02 
emission in tons 
Walling systems Roofing systems 
_ 230 mm solid brick §ione roofing on pre-cast 
Maximum 23,197 masonry wall reinforced cement concrete joists 
Cement stabilised ud Micro concrete tile roof with steel 
Minimum 4,368 block wall and timber under-structure 
11.8 SUMMARY OF FINDINGS 
The life cycle analysis carried out in this chapter has shown that there is a wide variation of 
impacts on socio-economy and environment by 1,068 one classroom units constructed with 
66 combinations of walling and roofing technologies. The analysis reveals that the life cycle 
impacts are largely dependent on the type of roof and wall treatment to make them 
waterproof. Stone roof with low unit cost could have been the most suitable technology in 
Ranga Reddy district. However, it scored low because brickbat coba has been adopted as a 
waterproofing treatment, which is costly and also non-renewable energy intensive. While this 
type of waterproofing is as costly as the unit cost of the stone roof itself, it provides a 
thermally comfortable teaching-learning space. 
As opposed to the prevailing notion that solid brick wall is inefficient, the analysis shows that 
it is one of the sustainable options in the context of Ranga Reddy district, where rice husk is 
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used as fuel for brick production. However, rat trap is more energy and emission efficient 
than the solid brick wall. 
The life cycle performance of cement stabilised mud block walls could have been better, if 
the Gandipet school had adequately protected the wall from the sun and rain. The design and 
detailing play important roles in the corrective and preventive maintenance requirements of 
walls constructed with cement stabilised mud block. This walling system has performed quite 
well from the point of embodied energy and emission Of C02- 
Interlocking cement stabilised mud block wall generates very low employment opportunities 
for the skilled masons, semi-skilled masons and unskilled workers because of the nature of 
its production. This may primarily be attributed to the low consumption of materials because 
of its thinness (150 mm compared to the nearest stone concrete block which Is 190 mm). 
However, in terms of unit cost, embodied energy and emission of C02, this came out to be 
the most sustainable solution. 
Among the roofs, the corbelled brick arch and pyramid have both performed well. However, 
corbelled arch has been slightly superior to the pyramids. These two technologies could have 
been sustainable options in other contexts as well, if there were a better alternative to the 1: 4 
cement sand mortar as waterproofing. 
11.9 SUMMARY CHART 
Technology change has a great bearing on the life cycle impacts. Development of a cheaper 
and more durable variety of waterproofing material will make the future life cycle impacts 
very different. Therefore, it appears that life cycle analysis is a dynamic process rather than a 
static and one-time fixed figure for decision making. One should attempt to use reversible 
treatments of the walling and roofing systems so that any new development could be adopted 
to enhance the life cycle performance of the roofing and walling systems. Apart from these, 
change in discount and inflation rates will also have bearing on life cycle analysis. There is a 
need for continuous evaluation of buildings for their life cycle implications, which would vary 
significantly with development of new technologies. 
The above graphs have been analysed to understand the life cycle impacts of constructing 
1,068 one classroom units using 66 combinations of walling and roofing technologies. The 
summary of the analysis has been presented in Table 11.28 which will provide an overall 
picture of the best and worst combinations of walling roofing systems from the point of view 
of life cycle impacts. 
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Table 11.28 The summary chart - @means the most favourable option and N means the 
least favourable option 
WALLING 230 mm 230 mm 230 mm 150 mm Stone 380 mm 
solid brick rat-trap cement interlocking concrete coursed 
wall bonded stabilised cement block rubble stone 
brick wall mud block stabilised mud wall masonry wall 
ROOFING wall block wall 
1. Reinforced 
cement 
concrete in-situ 
2. Reinforced 
cement 
concrete plank 
and joist 
3. Reinforced 
cement 
concrete 
channel 
4. Pre-cast 
ferrocement 
channel roofing 2[9,319 
5. Micro 
concrete tile 
roof with steel 60 90 10 
and timber 49 519 
under-structure , 
6. Hybrid 
7. Reinforced 79 
cement 
concrete filler 
slab 
8. Stone 
roofing on pre- 
20 119 50 cast reinforced , , , cement 80 619 
concrete joists 
9191 
9. Jack arch on 
pre-cast 
reinforced 
cement 
concrete joists. 
10. Brick corbel 40 70 30 
arch 
11. Brick 
pyramid 
Legends : unit cost (1), retention skilled (, ý1), semi-skilled (4), unskilled non-renewable energy 
(6), renewable energy (7), waste (8) and C02 emission (9). 
Based on the Figure 11 -1 to Figure 11 -9 
Table 11.28 shows the most favourable and the least favourable life cycle combinations of 
walling and roofing systems. The method of making this table is similar to the Table 10.11 in 
the last chapter. This chart gives an opportunity for decision makers to compare the impacts 
of new construction and the life cycle impacts of the 1,068 one classroom units constructed 
with 66 walling and roofing technologies. As in Table 10.11, The numbers attached with each 
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tick or cross mark denotes the parameter number, viz., 1,2,3,4,6,6,7,8,9 for the unit 
cost, retention, skilled, semi-skilled, unskilled, non-renewable energy, renewable energy, 
waste and C02 emission. The decision maker will ideally consider those options where only 
tick marks exist. At this point it is important to compare the results of the life cycle 
assessment with that of the new construction. The main differences between the new 
construction and life cycle impacts are as follows. 
Table 11.29 Significant variations between the new construction and life cycle impacts of 
1,068 one classroom units adopting 66 combinations of walling and roofing technologies. 
This table is to be read in conjunction with Table 10.11 of chapter 10. 
Row Row- items The changed situation with respect to the new construction as 
no. shown in Table 10.11 
1-3 Reinforced cement No change 
concrete in-situ, plank 
and joist, channel 
4 Ferrocement roof No change 
5 Micro concrete tile roof In addition to the e)dsbng features, life cycle non-renewable energy of 
with rat trap wall the micro concrete file roof with rat-trap wall scores the highest. 
6 Hybrid Table 10.11 shows that hybrid with 230 mm solid brick wall is the best 
option for retention, which is not the case in life cycle retention. 
7 Filler slab Table 10.11 shows that filler slab with 380 mm course rubble wall is the 
least favourable option in embodied renewable energy. In life cycle 
embodied renewable energy, the combination of least favourable option 
has changed to filler slab with 230 mm solid brick wall. 
8 Stone roofing A drastic change 
9 Jack-arch Table 10.11 shows that the best option in embodied waste energy Is 
jack-arch with solid brick wall. In life cycle, no wall combinations with 
jack arch score either the best or the least favourable options. 
10 Corbelled brick arch From the eAsting features, the corbelled brick arch roof with rat trap 
roof wall as the best option in non-renewable energy is no longer valid In fife 
cycle analysis. 
Corbelled brick No change. 
pyramid 
bource. Aumor 
The summary in Table 11.28 and Table 11.29 will help a decision maker to understand the 
life cycle impacts in a particular context. These two will enable her/him to choose those 
technologies, which have low unit cost, high retention, high income generation, low embodied 
energy, high embodied waste energy and cause low emission Of C02- While these will help 
the decision maker to form an idea on the scale of impacts in a particular context, she/he 
would like to know the best combination of walling and technologies for a particular location. 
Therefore, there is a need for using the evaluation method developed in chapter 7, which has 
been shown in the next chapter. 
293 
CHAPTER 12 ANALYSIS OF THE SCORES 
The last two chapters have shown the extent of socio-economic and environmental impacts in 
terms of actual quantities. For example, if 1,068 classroom units are constructed with 66 
combinations of walling and roofing systems, the highest life cycle C02 emission is 23,000 
tons. However, for the new construction of same number of classroom units, the highest C02 
emission is 11,500 tons. Such differences are significant. The previous two chapters have 
shown that the differences of impacts between the life cycle and new construction of other 
eight parameters are also significant. While this type of quantitative impacts will increase 
awareness of the decision makers and also make the process transparent to them, they 
would still like to know the best option in a particular context. Therefore, this chapter will adopt 
the evaluation method developed in chapter 7 to demonstrate how one can choose the best 
option in a particular context. 
12.1 METHOD OF SCORING 
The District Primary Education Programme has been adopted for life cycle impact analysis, 
which means an investment of 100 million rupees (EI. 25 million) in a district. As explained in 
chapter 7, the nine socio-economic and environmental parameters have been assumed to be 
the examination papers. Each walling and roofing combination has been assumed to be a 
student in a classroom, who will be examined against the nine exam papers. Therefore, there 
are 66 combinations as students in a class appearing for the nine examination papers. The 
units of the first five parameters are in rupees; the sixth to eighth are in Mega Joules and the 
ninth in tons. Following the principles of Rolfsman (2002), the first five have been examined 
by costs and the remaining by consumptions and emissions. The index method of scoring has 
eliminated the problem of nine parameters having different units. 
It may be recalled that the following expression for calculating the weighted index of jh 
technology (walling and roofing combinations) has been developed in chapter 7. 
t05 
WITI=Z 
_ýSCT, 
1 
X VWk)X GW1 
For j =1, n 
to 9 
X IW) X GW2 
_(SCTk 
Socio-economic Group weighting - GWI 
Subject weighting -WPk, k=I to 5 
Environmental Group weighting - GW2 
Subject weighting -WPk , k=6 to 9 
SCTkj, is the subject score where k=1 to 9 indicate the parameters for technologies j= I to 'n". 
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WlTj, G=1, n) is the general expression of the final weighted index. 
From the final weighted index (WlTj, j=l, n), the highest element will be assumed to have an 
index of 100 and the remaining indexes will be calculated accordingly. As mentioned before, 
there are sixty six combinations of wall and roof, which will be evaluated. For the convenience 
of interpreting, indexes of the 66 combinations will be presented as II x6 matrix. 
Under the socio-economic parameters, the combination of wall and roof that has the minimum 
unit cost has been assumed to score 100. Based on that, the indexes of the remaining 65 
combinations have been calculated. In a similar manner, under the environmental 
parameters, the roofing and walling combination with minimum embodied non-renewable 
energy has been considered 100 and the indexes of the remaining 65 combinations have 
been calculated with respect to that. Table 7.3 of chapter 7 shows the conditions under which 
the remaining seven parameters will score 100. Thus, the nine indexes obtained by each 
combination could be summed up to get the aggregate. Finally the highest aggregate has 
been assumed to score 100 and the indexes of the remaining 65 have been calculated as 
before. 
12.2 WEIGHTS 
It is important to note that the issue of best solution in a context is dependent on the weighting 
associated with each of the nine parameters considered in this dissertation. It will also depend 
upon the socio-economic and environmental group weightings shown in chapter 7 
(section 7.5). It has already been discussed in chapter 1, chapter 2 and chapter 7 that 
weighting systems are fraught with difficulty since they cannot be accomplished with 
complete, or in some cases, any, scientific objectivity (Todd et al 2001). According to Todd's 
suggestion, which is based on Dickle and Howard (2000), 'consensus-based' weighting has 
been suggested which will be done by a group of specialists. It is suggested that, in a 
development programme such as the District Primary Education Programme, a team of 
specialists consisting of educationist, pedagogue, economist, sociologist, civil engineer, 
architect, administrator, community, etc., will assign the weights to the nine parameters. 
In this dissertation, the effect of varying weightings on the scores has been demonstrated 
instead of recommending them. Let us examine this first. In the index method, if we assign 
any set of weightings to the nine parameters, the highest score by a particular combination of 
walling and roofing technology will always be 100. Whereas the lowest index, which is relative 
to the highest score, will vary as the weightings of the parameters change. Therefore, it Is 
necessary to examine the effect of the weights on the lowest index which has been studied as 
follows. 
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For simplicity, a geometrical progression series viz., 1.2,4,8,16,32,64,128,256,512,1024, 
.. etc. has been adopted as increasing weightings. This series magnifies the weights 
rapidly while studying the effect of the weight on the pattern of lowest scores. 
a When all the weights are equal to'1', the minimum index is 60 (Figure 12-3). 
While the weights of a particular parameter, e. g., unit cost are varied as 2,4,8,16 
.... 1024, the weightings of the remaining parameters are kept as constant (equal to 1). 
All the minimum scores are calculated and recorded for each weight of unit cost. The 
formula in section 12.1 has been used for the lowest index calculation. 
Similarly, weightings of the next parameter, e. g., skilled mason are varied as 2,4,8,16 
.... 1024, keeping the weightings of the remaining parameters as constant (equal to 1). All 
the minimum scores are calculated and recorded for each weight of skilled mason. 
The process is repeated for the remaining seven parameters and all the minimum scores 
are calculated and recorded. 
This is carried out for both life cycle and new construction. The lowest indexes with respect to 
the increasing weightings of the nine parameters have been calculated based on the data in 
Table 12.1 and the results are shown in Figure 12-1 and Figure 12-2. 
Table 12.1 The discount rate, inflation rate and group-weights considered for the calculations 
of the lowest index for new construction and life cycle impacts. 
Discount rate 13% 
Inflation rate 8% 
Socio-economic GW-1 1 
Environmental GW-2 1 
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Figure 12-1 The pattern of lowest indexes for different weights assigned to the nine parameters. 
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Figure 12-1 shows that the curves tend to be parallel to the x-axis from 128 onwards. The 
same pattern is observed also in Figure 12-2 for new construction. Therefore, 128 may be 
adopted for scoring. 
Figure 12-2 The pattern of lowest indexes for different weights assigned to the nine parameters. 
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The most significant difference between the ma)dmum and minimum of the lowest indexes is 
observed in the graph representing parameter waste (Figure 12-1 and Figure 12-2). It may be 
noted that only the bricks and clay tiles in Ranga Reddy had embodied waste energy. The 
condition for an index of 100 under this parameter is the maximum embodied waste energy 
consumption of a technology. Therefore, only the technologies based on bricks or tiles scored 
highly and the remaining, e. g., reinforced cement concrete slab with stone concrete block 
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wall, etc., had zero index. That is why there is such a high difference between maximum and 
minimum of the lowest scores (waste) owing to the increase in weight from I to 1,024. 
The pattern of the graphs representing unit cost in Figure 12-1 and Figure 12-2 shows that its 
lowest index had the minimum variation with respect to the increasing weights. This is 
because the difference between the maximum and minimum indexes under this parameter is 
low when all weights are same (equal to 1). The patterns of lowest indexes of the rest of the 
parameters are between unit cost and waste. Therefore, it appears that the difference 
between maximum and minimum indexes of the remaining parameters with equal weights 
C11") increase from the unit cost to the waste. Figure 12-1 and Figure 12-2 show that the 
sequence of the graphs representing the remaining seven parameters is different between life 
cycle and new construction. 
From Figure 12-1 it is apparent that, in terms of closeness, the graphs could be divided into 
three groups. The first group (Figure 12-1) consisting of unit cost, skilled masons' intensity, 
unskilled workers' intensity and retention are close to each other at a weight of 1,024. 
Therefore, the difference between maximum and minimum indexes (for equal weights) of this 
group is low. The second group (Figure 12-1) consisting of non-renewable energy, renewable 
energy, C02 emission and semi-skilled workers' employment have a wider gap between the 
minimum and maximum scores (for equal weights) than the first group. The last group 
consists of waste energy only and it has already been explained that the gap between the 
maximum and minimum indexes in this case is 100. Figure 12-1 and Figure 12-2 show that 
there is a difference in the patterns of the curves between life cycle and new construction, 
which has been recast in Table 12.2 for the ease of comparison by decision makers. The 
remarks column of Table 12.2 indicates that there is a need of calculating the scores for both 
new construction and life cycle of buildings in decision making on sustainable social 
infrastructure. 
Table 12.2 The lowest indexes of six out of nine parameters have changed at the weight of 1,024. 
Life cvcIe New construction Hasitchanged? Remarks 
I Unit cost Unit cost No 6 out of nine has 
2 Skilled Unskilled Yes changed, which 
3 Unskilled C02 Yes indicates that it is 
4 Retention Retention No necessary to calculate 
5 1 Non-renewable Skilled Yes scores of both new and 
6_ 1 Renewable Non-renewable Yes life cycle of buildings. 
7 C02 Semiskilled Yes 
8 Semiskilled Renewable Yes 
9 Waste Waste No 
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12.3 ANALYSIS OF INDEXES 
This section will show the indexes of the 66 combinations of roofing and walling systems 
based on the impacts of 1,068 one-classroom units in Ranga Reddy district. These have been 
calculated based on the formula and the method outlined in section 12.1. The database and 
the assumptions are same as in chapter 10 and 11 - 
It may be reiterated that Figure 12-1 and Figure 12-2 suggest that the weighting of 128 may 
be accepted since, from that point onwards, the curves tend to become parallel to the X-axis. 
Therefore, the following sections will demonstrate the patterns of indexes by adopting 128 as 
the weight for each of the nine parameters. The group weightings have been assumed 
constant at 1. Assuming that all the weights are equal to 1, as shown below, the indexes of 
the 66 combinations have been shown in Figure 12-3. 
Figure 12-3 The final life cycle indexes based on all 9 weights equal to I 
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Figure 12-4 The final indexes of new construction based on all 9 weights equal to 1- 
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The charts shown in Figure 12-3 and Figure 12-4 are based on calculations by assuming that 
the weightings of all the parameters are equal to 1. Both the charts show that the combination 
of corbelled arch roof with rat-trap masonry is the best choice. The lowest index is scored by 
the reinforced cement concrete roof with interlocking cement stabilised mud block wall for 
both new (47) and life cycle (60) impacts. 
12.3.1 Unit Cost 
WEIGHTING OF UNIT COST = 128. OTHERS -'ýl 
Figure 12-5 The final life cycle indexes based on weighting of unit cost equal to 128 and 1 
for each of the remaining parameters. 
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Figure 12-6 The final indexes of new construction based on weighting of unit cost equal to 
128 and 1 for each of the remaining parameters. 
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The charts shown in Figure 12-5 and Figure 12-6 are based on calculations by assuming that 
the weighting of unit cost is 128 and the rest of the weights equal to 1. The highest index for 
life cycle impact has been scored by interlocking cement stabilised mud block wall with micro 
concrete tile roof. The same combination for new construction has also scored the highest. 
This combination of wall and roof has low unit cost and their recurring maintenance cost is 
also low. Stone roof with coursed rubble wall scores the minimum index. This is owing to the 
high unit cost of brickbat coba, which is a corrective maintenance to be repeated after every 
ten years. Apart from that, coursed rubble wall being 380 mm thick had the highest covered 
area for a carpet area of 5.5 metres x 5.5 metres. Stone roof with coursed rubble wall scores 
the lowest for both new construction (47) and life cycle impacts (46). This indicates that the 
relative distance between the highest and the lowest in life cycle and new construction has 
not changed. 
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12.3.2 Skilled Masons' Intensity 
WEIGHTING OF SKILLED MASONS' INTENSITY -ý 128. OTHERS -'ýj 
Figure 12-7 The final life cycle indexes based on weighting of skilled masons' intensity 
equal to 128 and 1 for each of the remaining parameters. 
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Figure 12-8 The final indexes of new construction based on weighting of skilled masons' 
intensity equal to 128 and 1 for each of the remaining parameters. 
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The charts shown in Figure 12-7 and Figure 12-8 are based on calculations by assuming that 
the weighting of skilled masons' intensity is 128 and the rest of the weights equal to 1. The 
combination of coursed rubble stone wall with corbelled brick arch roof scored the highest 
index and the lowest index is obtained by ferrocement channel roof with interlocking block 
wall. Coursed rubble stone wall with corbelled brick pyramid is also very close to the highest 
score. The wall and roof that scored the highest is owing to the high skilled mason intensity of 
coursed rubble wall and brick-intensive roof both for new construction and over the whole life. 
It may be noted that interlocking block wall and ferrocement roof have low intensity of skilled 
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mason. The combinations scoring the highest and the lowest indexes of the life cycle and new 
construction did not change. The lowest score of 29 for new construction has increased to 42 
for the life cycle impact of interlocking block wall with ferrocement roof. 
12.3.3 Semi-Skilled Masons' Intensity 
WEIGHTING OF SEMI-SKILLED MASONS' I NTENSrTY -2 128. OTHERS -: 11 
_Figure 
12-9 The final life cycle indexes based on weighting of semi-skilled masons' 
intensity equal to 128 and 1 for each of the remaining parameters. 
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Figure 12-10 The final indexes of new construction based on weighting of serni-skilled 
masons' intensity equal to 128 and 1 for each of the remaining parameters. 
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The charts shown in Figure 12-9 and Figure 12-10 are based on calculations by assuming 
that the weighting of semi-skilled masons' intensity is 128 and the rest of the weights equal to 
1. The combination of 230 mm thick solid brick wall with corbelled brick arch roof has scored 
the highest index and the lowest index is obtained by micro-concrete tile roofing with 
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interlocking block wall. The figures show that the brick-intensive walls have high indexes. The 
walling and roofing combination scoring the highest and the lowest indexes of the life cycle 
and new construction did not change. The life cycle employment opportunities of the brick- 
based systems have high intensity of semi-skilled masons. The increase in the lowest index 
from 14 to 20 indicates that miGro-concrete tile roofing with interlocking block wall will perform 
relatively better over time compared to the combination with highest score. 
12.3.4 Unskilled Workers' Intensity 
WEIGHTING OF UNSKILLED WORKERS' INTENSITY ` 128. OTHERS 
Figure 12-11 The final life cycle indexes based on weighting of unskilled workers' intensity 
equal to 128 and 1 for each of the remaining parameters. 
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Figure 12-12 The final indexes of new construction based on weighting of unskilled 
workers' intensity equal to 128 and 1 for each of the remaining parameters. 
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The charts shown in Figure 12-11 and Figure 12-12 are based on calculations by assuming 
that the weighting of unskilled masons' intensity is 128 and the rest of the weights equal to 1. 
The combination of coursed rubble wall with stone roof scores 100. However, nine out of 
eleven roofing systems with coursed rubble wall score more than 90. The minimum index is 
scored by interlocking block wall with micro-concrete tile roofing. The maximum and minimum 
indexes remain the same for both new construction and life cycle. In such a situation, any of 
the nine combinations with coursed rubble stone wall may be suitable and hence, the decision 
makers have to look at the other parameters to choose the most appropriate combination in a 
context. 
12.3.5 Retention 
WEIGHTING OF RETENTION = 128. OTHERS 2-1 
Figure 12-13 The final life cycle indexes based on weighting of retention equal to 128 and 1 
for each of the remaining parameters. 
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Figure 12-14 The final indexes of new construction based on weighting of retention equal 
to 128 and 1 for each of the remaining parameters. 
100 
90 , (0 
80 iX 
70 A 
60 0m 9 50 , -0 
40 5- Z 
30 Co x 
20 dj 
m 
10 
0 
M -I.: ýP -0 70 -0 
'in C .0 11.1 ,ý L) 7EL (-) ýýý I-- F -h M .2M C LL C : ý7 -a 
14- - Ir 'M M- 
0) 1R -2T 0iz- 4) 88 X LL 
0 230mm solid brick m3sonry M 230mm rat-tap masonry (3 CSMB masonry 
13 150mm CS&V masonry m Stone conc: block m3sonry a 380mm CRS masonry 
RCC-reinforced cement concrete, , 
MCT- micro-concrete tiles, CSMB- cement stabilised mud block, ICSMB - 
intedocking cernent stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
305 
M -0 -0 ý- Cb E A2 Co A 
00 LL 
g 
:el. 20 jg -- 
A 
JE 00 
Figure 12-13 and Figure 12-14 show the indexes of the 66 combinations of walling and 
roofing technologies adopted for constructing 1,068 one classroom units. The charts are 
based on calculations by assuming that the weighting of retention is 128 and the rest of the 
weights equal to 1. All the roofing systems with brick-intensive walls and coursed rubble wall 
score high indexes since brick and stone were locally manufactured and quarried in Ranga 
Reddy district. The life cycle score of the stone roof in combination with 230 mm solid brick 
wall is 100 since both the wall and the roof waterproofing treatment are brick-intensive. It is 
important to note that the highest score from the point of new construction was obtained by 
the same walling systems (solid brick) with hybrid slab. The main reason for this change is the 
use of bricks in brickbat coba as roof treatment on stone roof, which retains more money 
within the district since brick is local. Whereas, the impervious waterproofing coat on hybrid 
slab, being cement-intensive, retains less than the stone roof. Interlocking blocks with 
ferrocement channel scores the lowest since both of them have low consumption of materials. 
It may be noted that interlocking block wall is 150 mm thick and ferrocement channel is 
25 mm thick compared to the generally used 230 mm wall thickness and 100 mm thick roof 
slab. 
12.3.6 Non-Renewable Energy 
WEIGHTING OF NON-RENEWABLE ENERGY -ý 128. OTHERS ý'l 
FiguFe 12-15 The final life cycle indexes based on weighting of non-renewable energy equal 
to 128 and 1 fOF each of the Femaining paFameters. 
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Figure 12-16 The final indexes for new construction based on weighting of non-renewable 
energy equal to 128 and I for each of the remaining parameters 
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With 128 as the weighting of non-renewable energy, the rat-trap wall with corbelled brick arch 
roofing has the highest score in new construction (Figure 12-16). it is important to note that 
brick-intensive roofs were efficient in terms of embodied non-renewable energy since rice 
husk was used for brick production in Ranga Reddy district. In Rat-trap wall, 80 bricks per 
cubic metre of masonry are saved compared to solid brick wall. Therefore, the cement 
content of this walling technology is also low, which reduces its embodied non-renewable 
energy. In corbelled arch roof, projection of each course of bricks from the previous one 
reduces the mortar volume in the masonry. This reduces its cement consumption than solid 
brick work. These are the reasons for the highest score obtained by rat-trap wall with 
corbelled brick arch roofing. Stone roof with coursed rubble wall scores the lowest in life cycle 
and new construction as well. A stone roof uses pre-cast reinforced cement concrete ribs, 
which is steel and cement-intensive. Brickbat coba as waterproofing on stone roof uses 1: 4 
and 1: 3 cement-sand mortar. This treatment is to be re-laid as corrective maintenance after 
every ten years. These factors lead to a high embodied non-renewable energy of stone 
roofing. The coursed rubble wall is 380 mm thick and hence, its total elevation area for 5.5 
metres x 5.5 metres of carpet area is the highest of all the walling systems (thickness 
between 150 and 230 mm). This increased its non-renewable embodied energy which is the 
main reason why all the roofing systems with coursed rubble stone wall scored low. The 
Scores of the roofs with stone concrete block wall are also low since the blocks are cement- 
intensive. It is important to note that the highest score for new construction is corbelled arch 
roof with rat-trap wall. In life cycle score, the best combination is rat-trap wall with micro- 
concrete tile roof (Figure 12-15). This change is owing to the recurring maintenance of the 
waterproofing treatment of corbelled arch roof which is cement-intensive. In comparison, 
Micro-concrete tile roof does not require any water proofing and hence, it scored highly with 
rat-trap wall in life cycle. 
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12.3.7 Renewable Energy 
WEIGHTING OF RENEWABLE ENERGY -'ý 128, OTHERS 
Figure 12-17 The final life cycle indexes based on weighting of renewable energy equal to 
128 and 1 for each of the remaining parameters. 
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Figure 12-18 The final indexes for new construction based on weighting of renewable 
energy equal to 128 and 1 for each of the remaining parameters. 
100 
90 00 
80 
70 
60 0M 
50 -0 1-- 
40 
30 h CD x t 20 1 C 1 10 lt j :30. 0 I g 0 0. C/) < .0 J-- M CO 79 -0 -0 4) rb, M r- 2 C C) ý -0 , 0C LL 2- 22 M jr M 
LL 
* 230nTn solid brick m3sonry 0 23OnTn rat-trap m3sonry 13 CSMB m3sOnrY 
* 150mm ICSKE m3sonry m Stone conc block m3sonry n 380mm CRS rrBsonry 
RCC-reinforced cement concrete, , 
MCT- rnicro-concrete files, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
While the highest life cycle score is obtained by interlocking cement stabilised mud block wall 
with corbelled arch, the least one is obtained by solid brick wall with filler slab (Figure 12-17). 
Corbelled brick roofs are superior to the rest of the roofing systems in terms of renewable 
energy since the latter require wooden shuttering and the former are constructed without it. It 
may be noted that the least score in new construction is obtained by coursed rubble wall and 
filler slab. The main reason for the coursed rubble wall being superior to solid brick wall in life 
cycle is the latter's requirement of wooden scaffolding for external painting after every four 
years, which is not required for the former. It may be noted that the lowest score of new 
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construction (11) has increased in life cycle impact (24) indicating that the difference between 
the maximum and minimum scores in life cycie impact has reduced. 
12.3.8 Waste Energy 
WEIGHTING OF WASTE ENERGY -ý 128. OTHERS : --I 
Figure 12-19 The final life cycle indexes based on weighting of waste energy equal to 128 
and 1 for each of the remaining parameters. 
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Figure 12-20 The final indexes for new construction based on weighting of waste energy 
equal to 128 and 1 for each of the remaining parameters. 
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Assuming 128 as the weighting of embodied energy from agriculture waste, the 
brick-intensive systems score very highly both on life cycle and new construction. The above 
Figure 12-19 and Figure 12-20 show that jack-arch roof with solid brick wall as the best option 
for new construction is superseded by the same walling system with stone roof in life cycle. 
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The main reason for this is the use of different roof waterproofing systems which are to be re- 
laid as corrective maintenance. Jack-arch has a cement-intensive waterproofing and the 
stone roof uses brick and cement-sand (brickbat coba) as a roof treatment. The input of brick 
in the brickbat coba as waterproofing on the stone roof after every ten years increased As 
score in life cycle because brick production in Ranga Reddy was rice husk-based. 
12.3.9 C02 Emission 
WEIGHTING OF CO, EMISSION --: 128. OTHERS -ýl 
Figure 12-21 The final life cycle indexes based on weighting Of C02 emission equal to 128 
and 1 for each of the remaining parameters. 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
E 230rnmsolid brick masonry M 230mm rat-trap brick masonry (3 CSMB masonry 
13 150mm ICSMB masonry m Stone conc block masonry o 380mm CRS masonry 
. 
h< 
M 
c2» 
Co Q) 
RCC-rejnforced cement concrete, , 
MCT- micro-concrete tiles, CSMB- cement stabilised mud block, ICSMB - 
interlocking cement stabilised mud block, SCB- stone concrete block, CRS - coursed rubble stone 
Figure 12-22 The final indexes for new construction based on weighting Of C02 emission 
equal to 128 and 1 for each of the remaining parameters. 
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The charts shown in Figure 12-21 and Figure 12-22 are based on calculations by assuming 
that the weighting of C02 emission is 128 and the rest of the weights equal to 1. The most 
C02 emission friendly combination of wall and roof is micro concrete tile roof with cement 
stabilised mud block wall (for both life cycle and new). Most of the walling technologies in 
combination with micro concrete tile roof have scored highly in life cycle and new 
construction. Although micro concrete tiles are cement-intensive, their thinness reduces the 
overall consumption of this C02 emission-intensive material. The indexes of the roofs in 
combination with cement stabilised mud block for new construction are very close to that of 
the combinations with interlocking block masonry. While interlocking blocks are cement- 
intensive (10% stabilisation) the thickness of wall made out of this is 150 mm. The cement 
stabilised mud block with 5% cement stabilisation makes a 230 mm thick wall. Therefore, 
when the C02 emission is calculated per unit area of the wall elevation, both of them emit 
Similar quantity Of C02- In life cycle also the same pattern is evident in Figure 12-22. It is to be 
noted that the cement stabilised mud block masonry is thermally superior to the interlocking 
block wall. The low scores by the brick-intensive technologies shown in Figure 12-21 and 
Figure 12-22 are owing to the large quantities Of C02 emission by these systems. 
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12.4 SUMMARY OF OBSERVATIONS 
Table 12.3 The best combinations of walling and roofing technologies according to the high 
weights assigned to the different parameters. 
All weights equal to 11 230 mm rat-trap wall Corbelled brick arch 
SOCIO-ECONOMIC PARAMETERS 
Unit cost =128 Interlocking cement stabilised Micro concrofe- -tile on-steel-and 
mud block timber under-structure 
Skilled lab intensity 1380 mm coursed rubble stone I Corbelled brick arch 
= 128 
intensity=128 
Unskilled lab 
intensity=128 
Retained =128 
imuri-renewame energy 
consumption=128 
-iý7e-newable -energy 
consumption=128 
Agriculture waste 
consumption=128 
-ff-m-ission Of C02 =128 
Sourm Based on 
230 mm solid brick 11 -- -- T- Corbelled brick-arch- 
380 mm coursed ru ble stone Stone slabs on pre-cast - J--rein-forc-e--d- 
c-e--ment concrete ribs 
wall btone slabs on pre-cast 
reinforced cement concrete ribs 
mm rat-trap wall 
Interlocking cement stabilised 
mud block 
Cement stabilised mud 
wall 
12-3 to Fiaure 12-22 
Micro concrete tile on steel and 
timber under-structure 
Corbelled brick arch 
reinforced cement con 
Micro concrete tile on 
timber under-structure 
and 
Table 12.3 shows the summary of the indexes in the context of Ranga Reddy. It shows the 
best combinations of walling and roofing systems, if one has to construct 1,068 one 
classroom units under different socio-economic and environmental situations. The first 
column of Table 12.3 shows the weightings assigned to the nine socio-economic and 
environmental parameters. The group weightings, as mentioned before, have been assumed 
to be 1. 
The most noticeable pattern of the Table 12.3 is that there is only one repetition of the 
combinations, which is 230 mm solid brick wall with stone slab roof under the high weightings 
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of retention and embodied waste energy (shaded boxes). The rest of the combinations are 
very specific to the situation. For example, under equal weightings, 230 mm rat-trap wall with 
corbelled arch roof is the best choice. However, in a situation where unit cost is the most 
important issue, micro-concrete tile roof with interlocking block walls are far superior to the 
rest of the options. 
Table 12.4 Domain of the best options of walling and roofing as best options in the context of 
Ranga Reddy. 
WALLING 230 mm 230 mm 230 mm 150 mm 380 mm coursed 
solid trap cement interlocking rubble stone 
brick wall bonded stabilised cement masonry wall 
brick wall mud block stabilised mud 
ROOFING wall block wall 
Micro concrete 6 9 1 tile roof with 
steel and 
Non emission unit cost 
timber under- renewable 
Of C02 
structure energy 
Stone roofing 2 5 
on pre-cast 
retention unskilled workers reinforced 
cement 8 
concrete joists waste 
Brick corbel 4 semi 0 7 3 arch 
skilled all weights renewable skilled 
equal energy 
ovurce. t5asea on i-igure i; e-j to t-igure iz-zz 
The above table shows the best combinations of walls and roofs when a weight of 128 Is 
applied on each parameter at a time while keeping the rest eight equal to *11 8. It may be noted 
that, the most desirable solution will depend upon the nine weights generated in a real 
Situation by involving the beneficiaries, subject specialists, decision makers, national and 
international statues, regulations, etc. However, the following Inferences, In the domain of this 
dissertation, may be drawn from Table 12.4 in the context of Ranga Reddy district. 
As mentioned before, corbelled arch and raftrap wall, Le., brick intensive Is the best 
combination in Ranga Reddy with all weights being equal. 
Repetition of a particular walling and roofing combination only once (2 nd column and 3 rd 
row in Table 12.4) under different weights suggest that the outputs of the model are very 
much dependent upon the weights and the results are difficult to predict intuitively. 
By adopting the weights described above, three out of eleven roofing systems and five 
out of six walling systems have come out to be the sustainable options. Let us analyse 
this pattern to understand the root causes. Solid and rat trap bonded brick wall and brick 
corbel arch roof are primarily made of locally produced bricks based on local soil and rice 
husk as fuel, which is an agricultural waste. The cement stabilised mud block are based 
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on local soil with low level (5%) of cement stabilisation. The coursed rubble stone Is 
based on local stone. The stone roofing is based on Tandur stone in which embodied 
energy and C02 emission are very low. Apart from that it uses brick in the roof 
waterproofing, which is a local material. 
Micro concrete file roof is cement and steel-based, however, the consumptions of these 
two materials are low since it is a light weight roof and the tiles are very thin (8mm) 
compared to the other roofing systems. Similarly, although interlocking mud wall Is 
cement based (10% stabilisation), the consumption of cement per unit wall area is low 
owing to its thickness of 150mm, which varies between 380mm and 200mm for other 
walling systems. 
From the above discussion, it appears that the walling and roofing systems based on 
local materials or with low cement and steel consumption have scored highly in Ranga 
Reddy based on the weights described above. Therefore, solid brick wall, trap bonded 
wall, cement stabilised mud block wall, stone roofing and Brick corbel arch are suitable in 
the context of Ranga Reddy. Apart from being suitable options in Ranga Reddy, micro 
concrete tile roof and interlocking cement stabilised mud block wall would be suitable In 
other contexts where the climate is moderate since their thermal insulations are low. 
From the Table 12.4, a decision maker can choose the combination of wall and roof 
depending upon which parameter with the highest weight is suitable to a context. For 
example, if the most important objective in Ranga Reddy were to reduce C02 emission, 
the decision maker would choose the combination of micro concrete tile roof and cement 
stabilised mud block wall. 
Therefore, it appears that the impact assessment of the new construction (chapter 10) and life 
cycle (chapter 11), in terms of actual quantities, will enable decision makers to understand the 
grass-root level implications. Table 12.3 and Table 12.4, based on the Indexes, will help one 
to choose the sustainable options in a context. However, the most sustainable solution could 
be determined if context specific weights are calculated by involving the beneficiaries, 
specialists, administrators, etc. following the methods/processes such as Brownfield 
Regeneration experience, Analytical Hierarchical Process, etc. 
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CHAPTER 13: CONCLUSIONS 
13.1. REVIEWING THE AIMS AND OBJECTIVES 
It may be recalled that the dissertation had two aims. The first one was to provide an impact 
assessment too[ for the decision makers to select sustainable building construction 
technologies in the context of social infrastructure development in rural India. The second 
aim was to demonstrate how to calculate the socio-economic and environmental impacts in a 
rural context through the use of different walling and roofing technologies. 
This dissertation had five objectives. Let us first discuss how these objectives have been 
achieved. The first objective of this dissertation was to descdbe the Andhra Pradesh Primary 
Education Project and examine its efficacy as a base for developing an impact assessment 
tool. It is important to mention that the Andhra Pradesh data is an asset. As mentioned 
before, the school buildings were constructed and are ageing under uniform conditions. 
Therefore, the process of data collection is like Hammond's (1978) controlled trial as 
descdbed by Tipple and Willis (1991). Therefore, the data on new construction and life cycle 
impacts are valuable and rare. 
The data and experience of this project was documented meticulously. It is a three thousand 
page document that was written every evening between 1995-96 and 1999-2000. Based on 
that, in chapter 5 and 6, the impact of adopting different technologies on the socio-economy 
and environment (life cycle and new construction) has been examined in the context of 
Ranga Reddy district. These two chapters provide a detailed analysis of how architectural 
design, site conditions, construction technologies etc., could influence the socio-economic 
and environmental impacts at village level. Appendix VII to Appendix XI show the break- 
down of impacts at 16 sites in Ranga Reddy district. These examples provide a quantitative 
picture of what actually happens when buildings are constructed and then maintained. 
Chapter 5 and 6 have shown that the experience of Andhra Pradesh Primary Education 
Project could be used as a base for developing an impact assessment tool. These 
experiences and the processes have been utilised to develop an impact assessment tool In 
chapter 7. Such a tool will help the decision makers to understand the Implications of 
different construction technologies and enable them to make informed choices for social 
infrastructure planning. This may be particularly useful for the Government policy makers in 
India, who have been facing the challenge of supplying the basic minimum services to the 
citizens. Therefore, the objective 1 of this dissertation has been achieved. 
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Having developed a model for impact assessment in chapter 7, it was necessary to study the 
impacts of different construction technologies in a context. For this, there was a need to 
calculate the actual value of the data on the socio-economic and environmental impacts of 
different walling and roofing systems. It may be noted that the Objective 2 of this dissertation 
was to develop a process of calculation and determining the actual values of the socio 
economic and environmental impacts of different cost effective construction technologies in 
the context of Ranga Reddy district. 
Chapter 8 and 9 described a detailed process of data collection of new construction of 
different walling and roofing systems based on Andhra Pradesh project experience. In these 
two chapters, the actual values of the nine socio-economic and environmental impacts of 
different walling and roofing systems have been calculated. Chapter II carried out a detailed 
analysis of how to calculate life cycle impacts of these walls and roofs with reference to 
chapter 6 on the repair and upgrading programme of the schools in Ranga Reddy district. 
The Table 11.17 and Table 11.18 show the actual values of the life cycle impacts of 11 
roofing systems and 6 walling systems. 
Objective 3 of this dissertation was to demonstrate the selection process of the combination 
of walling and roofing technologies for those which have optimum life cycle cost of 
construction, high employment opportunities, low embodied non-renewable and renewable 
energy, high embodied waste energy and low emission Of C02 in a particular context. 
The demonstration of the real scale Impacts in chapter 10 and 11 Is very Important since it 
provided a deep insight into the domain of sustainable social infrastructure development. 
These two chapters will make the decision makers aware of the scale of new and life cycle 
impacts of different walling and roofing systems on the socio-economy and environment in a 
context. This will enable them to make an informed choice on sustainable social 
infrastructure development. 
After understanding the real scale impacts of different construction technologies, the decision 
makers would like to choose the best combination of walling and roofing systems out of the 
feasible options, i. e., the objective 3 of this dissertation. The best combination will be the one 
with optimum unit cost of construction, high employment opportunities, low embodied non- 
renewable and renewable energy, high embodied waste energy and low emission Of C02 In a 
particular context. With the help of Table 12.3 and Table 12.4 in chapter 12, one can narrow 
down the domain of technology options based on which the sustainable combination could be 
chosen. For example, while brick intensive walls and roofs are sustainable in Ranga Reddy 
district, micro concrete tile roofing with interlocking stabilised mud block wall will be 
sustainable in most of the places where the climate is moderate. 
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Objective 4 of this dissertation was to demonstrate the effect of varying weights assigned to 
the socio-economic and environmental parameters on the scoring. Chapter 12 of this 
dissertation has ranked the different options of walling and roofing technologies against the 
nine socio-economic and environmental parameters by using the impact assessment tool. 
Figure 12.1 and Figure 12.2 in chapter 12 show the pattern of variation of the lowest scores 
under all nine parameters by increasing the weights according to a geometrical progression 
series. This has been done for simplicity and also owing to the fact that a geometrical series 
magnifies the weights rapidly to test their effect on the minimum indexes. Figure 12.1 and 
Figure 12.2 show that the minimum indexes tend to be parallel to the X-axis from the weight 
of 128 onwards, which indicate that the weights are sensitive only between I and 128. This 
is an important outcome of the exercise carried out in chapter 12. 
Chapter 12 has demonstrated how the best combination of wall and roof will vary if the 
highest weight of 128 is assigned to a particular parameter and the rest equal to one. If 100 
million rupees (E1.25 million) is spent on school construction in Ranga Reddy district, three 
out of eleven roofs and five out of six walls will be feasible as sustainable solutions 
(Table 12.4 in chapter 12). Brick corbel arch roof is the best option for high weight on semi 
skilled, skilled, renewable energy. It is also the best option when all the weights are same. 
Solid brick work is the best option for high weight on retention, waste and semi skilled 
masons. Therefore, brick corbel arch roof with solid brick or rat trap boned wall may be 
recommended in Ranga Reddy district. From this discussion it may be said that objective 4 
of this dissertation has been fulfilled. However, the most desirable solution can be obtained if 
the nine weights are generated in a real situation by involving the beneficiaries, subject 
specialists, decision makers, national and international statutes, regulations, etc. 
Objective 5 of this dissertation was to enable decision makers to develop databases on new 
construction and life cycle impacts in other contexts and to select appropriate technologies. 
Chapter 8 shows the process of calculating the nine socio-economic and environmental 
parameters in the context of Ranga Reddy district. Chapter 9 demonstrates the process of 
calculating the nine socio-economic and environmental impacts of different walling and 
roofing systems as finished products. These two chapters will enable a decision maker in 
other contexts to develop an area-specific database which is one of the most important 
components of sustainable construction technologies. As mentioned before, chapter 10 
shows the impacts of new construction of 1,068 classrooms adopting 66 combinations of 
walling and roofing systems. Chapter 11 shows the process of analysing the life cycle 
impacts of the 11 roofing and 6 walling systems based on the experience of Repair and 
Upgrading Programme of Andhra Pradesh. Therefore, chapter 8,9 and 11 will enable a 
decision maker to develop data on the socio-economic and environmental aspects of 
construction technologies in other contexts. 
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After calculating the actual values of the nine socio-economic impacts of the feasible 
technologies in a context one will be able to calculate the least number of one classroom 
units, Le., the most expensive combinations of wall and roof within an allocated budget. This 
could be done by following the process described in chapter 10. A decision maker will be 
able to study the impacts of life cycle and new construction following the examples in chapter 
10 and 11. Finally, following the process shown in chapter 12 (Table 12.3 and Table 12.4) 
they will be able to narrow down the domain of technology options based on which the 
sustainable combination could be chosen. It may be noted that a sustainable option could be 
chosen if the nine weights are generated in a real situation. 
The entire process of impact assessment of life cycle, new construction and scoring has 
been developed in Microsoft Excel as shown in chapter 1. A decision maker In another 
context will be able to develop databases on new construction, study the new and life cycle 
impacts and select appropriate technologies by changing the values of basic building 
materials, discount rate, inflation, etc., in OA', "B" and OG" in Figure 1.8 (chapter-1). 
The above discussion reveals that this dissertation has developed an impact assessment tool 
(chapter 7) based on the experience of Andhra Pradesh Primary Education Project (chapter 5 
and 6). To demonstrate how to calculate the impacts with the help of the assessment tool, 
data has been developed in chapter 9 and 11. The impacts of life cycle and new construction 
have been demonstrated in Chapter 10 and 11 by assuming that 100 million rupees (EI. 25 
million) Will be invested for school construction in a district. Chapter 12 shows the method of 
identifying the sustainable option of wall and roof in the context of Ranga Reddy district. 
Therefore, it may be said that the aims and objectives of this dissertation have been 
achieved. 
13.2. REVIEWING THE ASSUMPTIONS 
The impact assessment and scoring of 66 combinations of walling and roofing systems have 
been carded out on the basis of 1,068 classrooms, each having 5.5m x 5.5m floor area. It 
has been assumed that these classrooms will be built on flat land. Therefore, on a 
comparative basis, eliminating the same type of foundation, floor finish, door and window 
from the scope of the impact assessment appears reasonable. However, If there are a 
number of feasible options for foundation, floor finish and door and window, then they should 
be included in the impact assessment. 
The assumption that all the data is based on Jaggamguda, a village in Ranga Reddy district 
of Andhra Pradesh has enabled the comparative analysis of the impacts of the 66 
combinations of walling and roofing systems. By assuming 100 million rupees (EI. 25 million) 
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of investment on school construction, as in the District Primary Education Project, has given 
an opportunity to study the impacts in real scale. Also adopting 1,068 classrooms for impact 
assessment of new construction and life cycle has provided an opportunity to study the 
impacts on a comparative basis. 
The assumption that a simple method of impact assessment will be acceptable to the 
decision makers has been tested in South Africa. The assessment tool developed in this 
dissertation has been adopted in the Eastern Cape Sustainable School Building Programme 
in South Africa, which is a DFID funded project entitled OIMBEWU 11'. The model and its 
results were discussed with the Ministry of Education. After reviewing the results of the 
impact assessment tool, the Ministry had approved the construction of a demonstration 
building at Bantwanana, Umtata district, which was acceptable to the community as well. 
Following that exercise a school building was constructed using cement stabilised mud block 
that was low cost, labour intensive, with low embodied energy and low C02 intensive. 
13.3. REVIEWING THE LIMITATIONS 
This dissertation is based on the cost of materials in 1995-96 (SSR, 1996) that was approved 
by the Government of Andhra Pradesh. The repair expenditures of 2000 were recalculated 
by adopting 1995-96 rates to study the life cycle impacts of the different combinations of 
walling and roofing systems. Considering 1995-96 as the base year, the life cycle impacts 
were calculated for a building life of 50 years, recommended by the Bureau of Indian 
Standard (IS 875, Part 3,1987). The discount rate and inflation rates of 1995-96 were 
applied for consistency. While this is old data, one can modify the Microsoft Excel 
worksheets; 'A', *131 and "G" in Figure 1.8 of chapter 1 to update costs, energy, emission, 
discount rate and inflation in any context and at any point of time. These changes could be 
done in the charts shown in the screen dump in Figure 1.9 of chapter 1. 
While calculating the embodied energy and emission Of C02 it was found that some of the 
data such as paints, bitumen and waterproofing compound were not available in Indian 
context. As mentioned earlier, these have been adopted from the embodied energy of 
materials in New Zealand (Alcom, 1998). Chapter 8 has carried out a detailed analysis of the 
various issues of calculating embodied energy and emission of C02, which is adequate for 
one to develop a complete database in Indian and other contexts. This issue has been 
discussed in the section on future research. 
This dissertation does not suggest final weightings of the nine parameters adopted in the 
impact assessment; it demonstrates the effect of varying the weights on a geometdcal sedes. 
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Chapter 12 shows that the weights are sensitive between 01 ' and ffil 28", which is an important 
finding. However, there is a need for future research on weighting, which has been discussed 
in the section on future research. 
This dissertation assumes that the walling and roofing options that generate the highest 
employment obtains the highest score. This has been done to respond to the 
recommendation of the Tenth Five Year Plan (2002-2007), which emphasises on the 
employment generation in view of the poverty in India. While this assumption should be 
revisited with respect to the subsequent Five Year Plans, it appears highly unlikely that the 
situation will change before 2015, which is the target of the Millennium Development Goals. 
13.4. KEY FINDINGS AND CONCLUSIONS: IN THE LIGHT OF 
IMPACT ASSESSMENT IN RANGA REDDY. 
The technologies suggested by the impact assessment tool in the context of Ranga Reddy 
district will now be reviewed. While rice husk based brick production needs to be 
encouraged, its C02 emission will continue to be a matter of concern. If in a place, use of 
brick is inevitable, rat trap bonded brick masonry may be recommended since it uses lesser 
number of bricks and cement than that of solid brick work. This makes the rat trap bonded 
wall less non-renewable energy and less C02 intensive compared to that of the solid brick 
wall, however, the former is more labour-intensive than the latter. Brick-Intensive systems 
such as corbelled arch roof appear to be a good option. If brick continues to be used as a 
building material, alternative production technologies such as vertical shaft brick kilns may 
be encouraged by making provision for incentives. 
The general trend of impacts in the context of Andhra Pradesh Primary Education Project 
indicates that the cement stabilised mud block walling is energy efficient and emission 
friendly apart from the fact that it acts as an income multiplier. However, there Is no 
technology that could be prescribed as a general solution as evident from the Table 12.3 In 
chapter 12. Every place has its own set of sustainable technologies for wall and roof and 
impact assessment will help in deciding that. However, the combination of micro concrete tile 
roof with interlocking cement stabilised mud block will be an economic solution in most of the 
contexts because of their low consumption of the basic materials. In a moderate climate, 
where economy is the most important criterion, this combination many be recommended and 
also the small scale production of the tiles and blocks may be encouraged to develop 
entrepreneurs In the rural areas. 
One of the important observations is that the solid brick masonry scored high in Ranga 
Reddy because rice husk was used as fuel. The Figure 10.10 in chapter 10 shows that solid 
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brick wall could have been the worst option in terrns of embodied non-renewable energy if 
coal were used as a fuel for brick production. This indicates that there is a need to examine 
every situation, as local circumstances may alter expected choices. 
It has been stated in chapter I that calculation of a final set of weighting is beyond the scope 
of this research and the varying effects of the weights will be studied in this dissertation. High 
weights were assigned to the nine parameters one at a time. In each case, rest of the weights 
were assumed as 01'. Chapter 12 has shown that some important conclusions could be 
drawn from this study. For example, when all the weights are assumed to be same, corbelled 
arch and rat trap wall, i. e., brick intensive systems turn out to be the best combination in 
Ranga Reddy. Under the various patterns of weights assigned to the nine parameters 
(Table 12.3, chapter 12), a particular walling and roofing combination has appeared only 
twice as best option. This tends to suggest that the outputs of the model are very much 
dependent upon the weights and the results are difficult to predict intuitively. Figure 12.1 and 
Figure 12.2 in chapter 12 suggest that none of the weights beyond 128 have any significant 
effect on the scores obtained by different technologies. It is a very important finding. 
By adopting the weights described above, three out of eleven roofing systems and five out of 
six walling systems have come out to be the best options under various weightings. From 
Table 12.4 in chapter 12 one can conclude that the walling and roofing systems based on 
local materials or having low cement and steel consumption have scored highly in Ranga 
Reddy. Therefore, solid brick wall, rat trap bonded wall, cement stabilised mud block wall, 
stone roofing and brick corbel arch roof are suitable in the context of Ranga Reddy. The 
decision maker will choose the combination of wall and roof depending upon that parameter 
on which the highest weight has been assigned in a context. For example, if unit cost Is the 
most important objective, the decision maker will choose the combination of micro concrete 
tile roof and interlocking block wall (Figure 12.4, Chapter-12). Similarly, if employing the 
unskilled workers is the most important objective, then the decision maker will choose stone 
roof with coursed rubble stone wall (Figure 12.4, Chapter-12). 
It may be noted that micro concrete tile roof is cement and steel-based. However, the 
consumptions of these two materials per unit area are low since it is a light weight roof and 
the tiles are very thin (8mm) compared to the other roofing systems (at least 100 mm). 
Similarly, although interlocking mud wall is cement based (10% stabilisation), the 
consumption of cement per unit wall area is low owing to its thickness of 150 mm. This varies 
between 380 mm and 200 mm for other walling systems. CWing to these, micro concrete tile 
roof and interlocking cement stabilised mud block wall became suitable options in Ranga 
Reddy. It may be noted that these two technologies will be suitable in other contexts as well 
owing to their low consumption of cement and steel per unit plan area. 
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13.5. THIS RESEARCH IN THE CONTEXT OF OTHERS'WORKS 
IN THE FIELD. 
The impact assessment tool will enable a decision maker to select the most appropriate 
construction technology that is low cost, low maintenance-intensive, high labour-intensive 
and least damaging to the environment in a particular context in India. The following is a 
discussion on how this research looks like in the context of others'works in the field. 
According to Das (2000a), the research and development in the field of cost effective 
construction technologies started around late 1960s in India, when the Government and the 
people realised that the country had a lack of adequate social infrastructure such as primary 
schools, health-care facilities, housing, etc. As a response to this, the Central Building 
Research Institute, Structural Engineering Research Centre, National Building Organisation, 
Building Materials and Technology Promotion Council, Housing and Urban Development 
Corporation and Non-Governmental Organisations such as Development Alternatives, 
Centre Of Science and Technology For Rural Development, etc., were founded and got 
involved in supplying cost effective buildings. As mentioned in chapter 2, under the Andhra 
Pradesh Primary Education Project the research and applications of the above mentioned 
institutions have been examined. 
The investigation revealed that none of them evaluated alternative construction technologies 
in a context to choose the most appropriate one. Each has been driven by their respective 
philosophy-based mission, e. g., Development Alternatives promoted primarily mud-based 
technologies, Central Building Research Institute promoted rationalised use of cement and 
steel based construction technologies. Apart from the philosophical reasons it is also a fact 
that they did not have an assessment tool along with reliable database on different 
technologies. 
At international level, most of the assessment tools such as Green Building Tools are 
focused on environmental aspects only. However, in India there is a need to include the 
socio-economic aspects of sustainable social infrastructure development. Some of the 
researchers such as Bose and Nambier (1995), Tiwari et al (1996), etc., have developed 
evaluation tools for sustainable social infrastructure development in Indian context. While 
these research works have significant contributions, they are focused on a few components 
of sustainability. For example, Bose and Nambier's research addresses only the issue of 
C02 emission. Tiwari et al (1996) have developed models to assess the impacts of various 
construction technologies. Their model is based on unit cost, livelihood and C02 emission. It 
may be noted that instead of combining the effect Of C02 emission with the unit cost and 
labour-intensity, they have studied it (CO2) separately. They did not consider the effect of 
embodied energy in the model. Tiwari et al's research is founded on database from books, 
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personal discussions, etc. However, they have not discussed the issue of consistency of the 
data from the different sources. Such research works have not covered all three pillars of 
sustainability suggested by Plessis (1999) , Cole (1999), etc. 
As a sharp contrast, the present research springs from the grass-roots level database, which 
has been the centre of this dissertation. The database of the Andhra Pradesh Primary 
Education Project and the Repair and Upgrading of the same buildings formed the premise 
of the impact assessment tool developed in this dissertation. Therefore, it has been a 
bottom up approach. This dissertation has shown the process of developing the 
construction-related data of Andhra Pradesh Primary Education Project. It has also 
calculated the actual values of socio-economic and environmental impacts of Level-11,2 
and 3 materials. Based on such data, the impact assessment tool has demonstrated the 
socio-economic and environmental impacts of different construction technologies. One may 
follow that process to generate a similar database in other contexts. If the assessment tool 
is Widely used in India, there will be several databases in different socio-economic and 
environmental contexts. Once the regional databases are generated, the National and State 
Governments and the international funding agencies can use the assessment tool and 
understand the overall impacts of adopting different construction technologies in the large 
scale social infrastructure development programmes. 
13.6. CONTRIBUTIONS OF THE DISSERTATION IN INDIAN 
CONTEXT 
There are a few areas where the dissertation has contributed substantially. To begin with, It 
may be mentioned that the impact assessment tool developed in this dissertation is based on 
grass-roots level project experience -a completely bottom-up approach, which Is rare. The 
demonstration of the real scale impacts is very important since it provides a deep insight Into 
the domain of sustainable social infrastructure development. The quantitative assessment of 
different construction technologies demonstrated in this dissertation will put an end to ad-hoc 
decision making, which is the present practice in India. 
This dissertation provides the impacts of a variety of construction technologies. In this regard 
it is important to reiterate that the data of Andhra Pradesh Primary Education Project is the 
most precious component in the whole process. As mentioned before, the data Is based on 
buildings constructed and ageing under the uniform conditions. Therefore, the data on new 
construction and life cycle impacts are valuable and rare. It is a rare chance that an 
expedment could be carried out by adopting so many construction technologies in a 
Govemment institutional structure and it is unlikely that there will be another chance In the 
near future. The Ranga Reddy construction project is like a laboratory. In future, if data on 
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maintenance is collected periodically from Ranga Reddy, the knowledge on life cycle impacts 
of the 66 combinations of walling and roofing technologies will be enriched. 
Another important aspect of the dissertation is the experience of Andhra Pradesh School 
construction as a background of the assessment tool. This experience, described in chapter 5 
and 6, will act as a reference to individuals, NGOs, Government agency, etc., aspiring to 
venture into sustainable social infrastructure development in a particular context. 
The dissertation shows a detailed analysis of how architectural design, site conditions, 
construction technologies etc., could influence the socio-economic and environmental 
impacts at village level. The Appendices VII, IX and X show the break-down of site-level 
impacts, defect mapping and data relating to Repair and Upgrading, which are rare and 
valuable. 
The dissertation provides a detailed knowledge on wide variety of walling and roofing 
technologies, some of which are being used for the first time in India. The different cost 
effective technologies explained in Appendix III and Appendix IV will act as examples to the 
developing countdes. This may help them to carry out similar exercises in their own contexts 
based on the locally available natural resources. 
The dissertation will help the decision makers to know why, to what extent and under which 
conditions they should give incentives for adopting a particular type of construction 
technology. The results of the impact assessment in a context should be made available to 
the community in a format suitable for their easy understanding. This will increase 
communities' understanding on many aspects of sustainable development, particularly the 
environmental issues. 
One of the important contributions of this dissertation is the process of data collection 
(explained in chapter 1). For example chapter 8 carries out a detailed analysis of the vadous 
issues of embodied energy and emission Of C02 of different building materials including the 
methodological frame work. This will help to develop complete socio-economic and 
environmental data in India. 
13.7. CONTRIBUTION OF THE DISSERTATION WITHIN THE 
WIDER CONTEXT OF THE FIELD OF SUSTAINABLE 
DEVELOPMENT AND CONSTRUCTION 
Let us review the contributions of this dissertation in the wider context of sustainable 
development and construction. In contrast to the general trend of assessment methods 
mostly being on environmental sustainability, this dissertation has adopted the suggestion of 
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Todd and Geissler (1999). They suggested that a regionally adaptable system that assesses 
the "green-neW of buildings while taking into account of the social and economic issues 
begins to address the sustainability of buildings. The impact assessment tool developed in 
this dissertation addresses all three. This assessment tool developed in the context of Ranga 
Reddy district has been adopted successfully by the planners of South Africa, which has 
been discussed in the post script. This shows that the tool is regionally adaptable. 
According to Theaker and Cole (2001) sustainability is local - the day-to-day experience of 
local Government gives a more intimate experience of local conditions. This dissertation has 
dealt with sustainable social infrastructure development primarily from a local point of view 
(district level). At the same time, once the local levels impacts are known, its influence on 
the global scale can be assessed. 
According to Fricker (2001) we have a better understanding of what is unsustainable rather 
than what is sustainable. Dahl (1995) suggested that measuring the negative factors 
preventing sustainability will enable the countries to report, for instance, the progress they 
are making in reducing damaging activities, even if they have not yet defined clear goals for 
sustainability. This dissertation measures the negative factors such as C02 emission, 
embodied energies, etc. of the different combinations of walling and roofing systems. Such 
measurement will allow each country to define for itself how it imagines its Ideal future 
sustainable society and then to report, for each indicator, whether it is making progress 
towards its own goal, and at what rate. 
Let us now look at the views of the international level institutes and forums on sustainable 
development. The Department For International Development, Agenda 21, the Millennium 
Development Goals, etc. suggest assessment of human activities, e. g. construction, that are 
likely to have a significant adverse impact on the environment. They also emphasize that 
eradicating poverty is an indispensable requirement for sustainable development. 
Out of the eight goals of The Millennium Development Goals (2003) this dissertation has 
shown how the financial pressure on the infrastructure component of goal 2 (achieve 
universal primary education) could be reduced by using cost effective construction 
technologies. This will result in creation of more primary schools than the conventional 
cement and steel intensive systems can provide. The dissertation has also showed that 
supplying the infrastructure component of the goal-2 (achieve universal primary education) 
could be viewed as an opportunity for addressing the goal-1 (eradicate extreme poverty and 
hunger), by adopting labour intensive systems. The dissertation has also shown the extent of 
environmental impacts of the materials and methods on the environment. Following the 
suggestions of Lippiat and Boyles (2001) that the answers lie in the trade-offs, the 
assessment tool calculated the final score obtained by all the nine socio-economic and 
325 
environmental parameters. Thus the goal-7 (ensure environmental sustainability) of the 
Millennium Development Goals has been addressed in this dissertation. Therefore, this 
dissertation has covered the construction related aspects of sustainable development as 
suggested by the DFID, AGENDA 21 and the Millennium Development Goals. 
At international level the issue of life cycle implications has been given a high importance 
(Cole and Stemer, 2000). However, a frequently held reason for not evaluating the life cycle 
implications is the lack of appropriate, relevant and reliable historical cost information and 
data (Ashworth and Hogg, 2000). According to Cole and Sterner (2000), even if the life cycle 
cost estimates for a whole building are preliminary and approximate, they can still expose 
significant cost areas and, therefore, provide an informed basis for subsequent planning. 
However, Cole and Sterner (2000) also observed that life cycle analysis is a data intensive 
process and the final outcome is highly dependent on the accessibility, quality and accuracy 
of input data. The most important contribution of this dissertation is the quality of the life 
cycle data evolved during the Andhra Pradesh Primary Education Project, which has been 
explained in detail in chapter 1 and 6. This aspect of this dissertation is a trend setter and will 
help the people involved in social infrastructure development to generate similar data in 
other contexts. 
According to the UNCHS (1991) report most of the developing countries are endowed with 
abundant natural resources, which can meet the demand for basic building materials. Yet 
much of these natural resources currently remain unexploited in most developing countries. 
This dissertation will help them to examine the possibilities of sustainable construction In 
their own contexts based on the locally available natural resources. 
13.8. RECOMMENDATIONS ON THE IMPLEMENTATION OF 
THIS MODEL 
The inadequate amount of funds from revenue collection and India's huge external debt of 
US $112.54 billion in 2004 (GOI, 2003), indicate that there is an acute financial shortage for 
developmental works. Chapter 3 has shown that the financial requirement to supply the 
primary healthcare, schools and housing is about 6.5 times the investment requirement In the 
construction sector (Tenth Five Year Plan, 2002-2007: 39) at 2001-2002 prices. The 
universal elementary education in India was designed to be achieved by the end of the 
District Primary Education Programme. However, that did not happen and hence, another 
programme named Sarva Shiksha Abhiyan (education for all) has been launched in 2001- 
2002 to achieve universal elementary education. 
Under such circumstances this dissertation will be able to help the decision makers to 
maximise the supply of social infrastructure components within funding constraints. It will 
also help in partially attaining the environmental goals. Let us understand this with reference 
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to achieving universal primary education through the implementation of the Sarva Shiksha 
Abhiyan (education for all). Considering the shortage of funds the Government engineering 
departments will explore the possibilities of cost reduction so that maximum learning space 
could be constructed within the allocated budget. Now the impact assessment tool will guide 
the decision makers to select the most economic technologies. This will enable the 
Government to understand the time required for supplying all the schools required for the 
universalisation of elementary education. 
Let us assume that this process will be followed in all the Indian states (sub-national) 
implementing the Sarva Shiksha Abhiyan and they will report to the Government of India in 
this regard. In each state, if labour-intensive technologies are adopted in construction, it will 
help in reducing poverty and hence, will support the attempt of the Tenth Five Year Plan 
(2002-2007) to create 50 million employment opportunities during the plan period. Similarly, 
construction technologies based on low embodied energy and low C02 emission will reduce 
environmental damage owing to construction. If from each region, such analysis Is sent to 
the Bureau of Sarva Shiksha Aviyan, they will be able to assess the socio-economic impacts 
on the country as a whole and report it to the international community. 
The Indira Awas Yojna has been framed in the light of the National Housing and Habitat 
Policy (1998) for the poor and the deprived. It envisaged construction of 2 million additional 
houses annually, of which 1.3 million units were to be in the rural areas. This scheme Is for 
people below poverty line. At present, they have no access to technical support for cost 
effective construction. Their only source in this regard is the Government engineers at the 
block level who use only reinforced cement concrete. Based on district level resource 
mapping report, the impact assessment tool will help in identifying the cost effective and 
labour-intensive technologies with low embodied energy and low C02 emission. In the 
context of Indira Awas Yojana, the weighting for unit cost, retention and labour intensity may 
be higher than the environmental parameters. However, the impact assessment of the 
environmental parameters is important considering the scale of construction. If the cost of 
environmental damage reversal of a technology with low unit cost and high labour intensity Is 
significant, the decision makers may subsidise the expensive technologies, which are 
environment-friendly. The district collectors, who happen to be the head of the fund release 
for Indira Awas Yojana, may carry out the impact assessment by involving their associated 
engineering departments. The impact assessment results at regional levels will help in the 
State and National Government for their policy reforms. 
The social infrastructure development projects in India are implemented by the different 
Ministries such as Human Resources Development, Environment and Forest, Non- 
Conventional Energy, Rural Development, Urban Development, Home Affairs, etc. 
Discussion with the Ministry of Forest and Environment and the Ministry of Home Affairs 
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revealed that at present, the Ministry dealing with livelihood generation does not know 
quantitatively whether the increased human activities are affecting the environment, which is 
the concern of the Ministry of Environment and Forest. If the result of impact assessment by 
one Ministry is shared with the other Ministries and the development agencies, there will be 
less chance of making mistakes and clashing with each others' objectives. 
One of the most important aspects of the assessment tool would be to generate data on the 
total amount Of C02 emitted by the construction sector. If the Government of India can show 
that alternatives to the steel and cement-intensive construction systems will reduce C02 
emissions significantly, it can go for carbon trading with a developed country. Thus, India 
can earn money and hence, incentives may be given to the clean construction material 
production industries to encourage thern. 
Some of the most significant actors in promoting sustainable construction technologies are 
the Municipalities in small and mid-towns and Corporations in cities. These agencies can 
promote green building systems by providing incentives to the builders and the owners. The 
tool will enable them to assess the technologies adopted in a particular building plan which 
has been submitted to the municipality for approval. The assessment result will determine 
whether the suggested technologies should get rebate on design-approval fees and also 
house tax. 
It has already been mentioned in chapter 7 that the field experience in Orissa and Andhra 
Pradesh had revealed that there is a lack of awareness regarding environmental protection 
among the communities. If a rural primary school or healthcare building is constructed In a 
settlement, the result of the impact assessment should be presented in a suitable format for 
their easy understanding to explain the environmental implications. This will increase their 
awareness on environment. After this, they may be told that if they adopt green building 
techniques, additional facilities such as boundary wall, extra floor areas, etc., will be provided 
to them as incentives. This may result in a favourable situation for the decision makers at 
community level to promote green buildings and technologies in public and private building 
construction. 
In the recent past there has been a series of disaster's in India causing unprecedented 
destruction and loss of human lives and properties. The Government of India has been 
rebuilding the damaged social infrastructure in Orissa (super cyclone, 1999), Gujarat 
(earthquake, 2001), etc. The latest blow on the national economy of India Is the damage 
owing to the tsunami (December, 2004) in Andaman and Nicobar Islands and parts of the 
east coast of India. It is important to note that the reconstruction programmes have all been 
implemented without any quantitative socio-economic and environmental assessment of 
different construction technologies. According to the revenue department of the Government 
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of Orissa (December, 1999), more than two million houses had been damaged in its 12 
districts. Out of these, about 0.84 million houses were completely destroyed and the 
remaining 1.2 million houses were partially damaged. Financial support from all over the 
world has rebuilt the damaged infrastructure in Orissa without any quantitative assessment of 
the socio-economic and environmental impacts of the new construction, let alone life cycle. 
Usually the Ministries concerned with post disaster interventions say that they have no time 
for any kind of research. The impact assessment tool will take the least amount of time to 
assess the impacts of the rehabilitation and reconstruction whenever a disaster strikes. 
Cole (1999) is among other authors who provided a complete picture of life cycle analysis of 
construction by defining the scope and boundaries of environmental assessment method. 
Figure 2.1 in chapter 2 shows a conceptual framework that can be used to illustrate the 
scope and boundaries of environmental issues in current building assessment methods. It 
consists of three primary dimensions, viz. Criteria, Time and Scale. Each axis consists of a 
firm line and a broken line indicating the predictable and unpredictable part of life cycle 
assessment. If the Andhra Pradesh schools are monitored periodically, information on the 
socio-economic, environmental impacts of the school maintenance along with their 
influences on the communities will enable us to understand Cole's diagram in a real situation. 
It may perhaps help in transforming parts of the broken lines (indicating uncertainty) of 
Figure 2.1 into a firm line (predictable). 
13.9. OPPORTUNITIES FOR FUTURE RESEARCH. 
There is an urgent need for generating databases on embodied energy and emission Of C02 
of the different construction materials to facilitate a single source of information. This needs 
funding and time and also a motivated group of researchers. Chapter 3 and chapter 8 have 
shown that in India there are different sources of information providing different figures on 
the same issue. The most important aspect of generating a single data-source of energy will 
be to identify the best source. The single source as a handbook should show the type and 
quantity of non-renewable, renewable and industrial and/or agriculture waste energy and 
recycling in the different regional and local contexts. The regional variations could be 
significant, e. g., while electricity in many states is coal based, there is hydro electricity and 
nuclear energy based power generation in different parts of India. Therefore, the embodied 
production energy of various building materials will vary from region to region. The energy 
handbook has to clearly define the system boundaries. Apart from that, the data source 
reliability, international differences and thermal energy content of feedstock materials, etc 
should be discussed in detail. 
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The schools constructed under Andhra Pradesh Primary Education Project are growing old 
and are going to offer reliable data on life cycle implications. The buildings should be 
monitored in a similar way as was done by Department For International Development In 
1998 and the following interventions in 2000. There is a need for exploring the existing 
methods such as Building Research Establishment Environmental Assessment Method 
before the next intervention to enrich. /improve the data acquisition process. The revised 
database after every five years may be published, which will provide increasingly reliable 
information on the life cycle impacts. This will make the impact assessment tool robust. 
The entire dissertation is focused on the walls and roofs only. The next step would be to 
prepare a database on the different options for foundation and finishing items so that one 
could study their implications. For example, the finite source of Tandur stone may face dire 
consequences, if we start depleting them recklessly by consuming them in all the floors In 
Andhra Pradesh and its adjoining states just because they are inexpensive at present. There 
is a wide variation of finishes across the country. A database for analysis of rates will 
upgrade the impact assessment process and it will be able to assess a complete building. 
Research on the weightings is very important. The scoring in chapter 12 will be meaningful, If 
the correct combination of the nine parameter-weights and two group-weights could be 
calculated. An in-depth research is necessary to explore the sensitivities of the weights. 
However, the use of the assessment tool based on a consensus decision and the post 
implementation evaluation will throw light on this issue. Therefore, the theoretical research 
along with the field evaluation results may converge to a reliable source and guideline for 
determining the weights in different contexts. Further research has to study the Implications 
of the group weightings, which has been assumed to be 'I" in this dissertation for simplicity. 
The process adopted in the context of Brownfield Regeneration (Kogelheide. 2004) 
demonstrates the actor collaboration to prioritise objectives in the development of a 
*Sustainability Assessment Too[". This process appears to be a good model of beneficiary 
participated weighting method and can influence project development from early stage by 
facilitating face-to-face communication between local authorities, planners and citizens. 
However, as mentioned in chapter 2, Steen (2001) refers to Fallenius et al (1997) and states 
that investigations show that ordinary consumers have a very limited ability of understanding 
complex environmental information. Steen's opinion appears to be valid in Indian rural 
context in the light of the field experience in Andhra Pradesh and Orissa. However, the 
community awareness has increased significantly in the states that had implemented the 
District Primary Education Programme (Das et al, 2004). The ongoing programmes such as 
Sarva Shiksha Abhiyan (education for all) also followed the District Primary Education 
Programme's principle of community-centred development. Therefore, there Is scope for 
conducting a weight-assigning workshop in these programmes by involving the communities 
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following the Brownfield Regeneration process. Similarly, the Analytical Hierarchical Process 
developed by Thomas Saaty (Nataraj, 2005) should also be examined for determining the 
weights. 
In view of the above discussion, it may be said that the dissertation may enable the 
Government of India to adopt the suggestion of the United Nations Conference on 
Environment and Development (1992 updated: 1999). According to that, the Environmental 
Impact Assessment should be adopted as a national instrument. Once that is done, it will be 
easy for India to achieve the Millennium Development Goals' emphasis that the pdnciples of 
sustainable development should be integrated into country policies and programmes. 
However, this dissertation went beyond the issues of environment and has considered the 
socio-economic aspects as well and hence, is based on all three pillars of sustainable 
development. This will enable the decision makers to supply sustainable social infrastructure 
in India. 
13.10. POST SCRIPT 
It has been mentioned before that the model developed in this dissertation has been tested In 
the Eastern Cape Sustainable School Building Programme in South Africa. It is a DFID 
funded project entitled "IMBEWU I[*. By adopting the model, impact assessment was carried 
out in a village named Bantwanana, district Umtata, Eastern Cape. The impact assessment 
revealed that cement stabilised mud block based construction technologies were sustainable 
since they were of low unit cost, labour intensive, with low embodied energy and low C02 
emission intensive. This was approved by the specialists of the Department of Education 
after considering the condition of the national economy, poverty at village level and fragile 
environment of the province. These issues were also discussed with the community where 
the school was proposed to be constructed. The community accepted the suggested 
technology since they realised that the project will lead to increased income generation than 
the conventional construction systems. Following that, a complete school building has been 
constructed with cement stabilised mud block. The school drop outs of the village were 
trained for block production. This was an alternative to the brick built schools where the 
bricks were brought from long distances, in which, a major portion of investment on 
construction went out of the villages. Following the success of this project, the Ministry of 
Education, Eastern Cape has decided to replicate this project by spending 50 million Rands 
(E5 million) in the 2006-2007. (e-mail: John Shotton, DFID consultant, June 2005). The 
complete school campus with classrooms and play facilities was inaugurated In June 2005. 
This shows that the developed assessment tool is replicable and has been used outside 
India. 
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